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general notes to the reader: 


The National Science Foundation (NSF) sponsors a se- 
ries of systematic, recurring surveys to collect information 
on the financial and human resources devoted to research 
and development (R&D). In this report, such NSF survey 
data on the various sectors of the U.S. economy— industry, 
government, academia, and selected nonprofit organiza- 
tions—are aggregated so that the component pieces of the 
overall R&D effort are placed in a national context. Infor- 
mation presented in National Patterns includes the follow- 
ing: 

e the level of R&D expenditures; 

e the sources of such funds; 

e the sector or organization performing the R&D; 

e the character of work undertaken (i.e., whether it is 

basic research, applied research, or development); 

e the number of scientists and engineers employed in 

R&D; and 

e international comparisons with the U.S. effort. 

The national totals reported here incorporate data avail- 
able from the several SRS surveys as of April 26, 1990. 

These notes provide a brief introduction to the basic 
concepts used throughout the report. Important changes 
and revisions from previous National Patterns reports also 
are highlighted. The reader will find complete definitions, 
descriptions of projection methodologies, and references 
to the underlying survey reports in the Technical Notes 
(appendix a). 

Performer-reporting basis. SRS annually surveys Fed- 
eral Government agencies, industry, and academia. Re- 
spondents in each sector indicate the amounts they spend 
on R&D in their own sector and the sources of these funds. 
National historical totals are based on data as reported by 
performers because they are in the best position to (1) 
indicate how much they spent in the actual conduct of 
R&D in a given year; (2) classify their R&D by character of 
work; and (3) identify the sector of the economy in which 
their financing originated. The consistent use of performer 
reporting also reduces the possibility of double-counting. 

There are exceptions to use of performer-reported data. 
The last complete survey of the nonprofit (non-academic) 
sector was conducted in 1973. Although informal surveys 
of this sector have been undertaken periodically, estimates 


of the R&D performance by nonprofit organizations reported 
here are based generally on (1) Federal agency reporting of 
Federal funding to the nonprofit sector, and (2) R&D perfor- 
mance trends in the other non-Federal sectors. 

NSF conducts only occasional surveys of State Govern- 
ment agencies, the last two surveys covering fiscal years 
(FYs) 1977 and 1987-88. Consequently, the national R&D 
time series totals exclude estimates of State agencies’ intra- 
mural R&D performance. State funds for R&D reported by 
other sectors of the economy, however, are included in the 
respective R&D performance totals. 

One by-product of the decision to use performer-report- 
ed data is that the federally-funded R&D performance 
totals presented in National Patterns differ from the Federal 
R&D funding totals reported by the Federal agencies that 
provide the funds. A major reason is that performers of 
R&D often expend Federal funds in a year other than the 
one in which the Federal Government provides authoriza- 
tion, obligations, or outlays (all defined in appendix a). 

Projections. Although respondents continually are given 
the opportunity to revise prior year(s) data, R&D totals for 
1988 reported here are considered to be actual expenditures. 
Estimates for 1989 generally may be considered “prelimi- 
nary”; reported 1990 R&D totals are projections. 

To the greatest extent possible, this report incorporates 
data for 1990 R&D programs contained in the 
Administration’s 1991 budget proposal. Where these data are 
used, it is explicitly noted in the text. The budget, however, 
does not contain estimates on the detailed disaggregations 
reported in the National Patterns; most importantly, it includes 
scant information on the economic sectors receiving the Fed- 
eral funds. Consequently, Federal agencies’ R&D perfor- 
mance for 1989 and 1990 are derived from an NSF survey 
coinciding with the third quarter of FY 1989; the amounts 
reported for 1989 reflect congressional appropriations, ap- 
portionment, and ing decisions as of that time. 
The 1990 data reflect estimates for R&D programs contained 
in the Administration’s 1990 budget proposal. 

Industry R&D performance for 1989 and 1990, with 
industry as the source of funds, is derived from a 1989 
telephone/ mail survey of R&D officials in the major R&D- 
performing industries. Respondents included 72 compa- 


nies that account for more than one-half of all U.S. com- 
pany-funded R&D expenditures, and included 17 of the 
top 20 R&D-spending companies in the United States. 

R&D performance estimates for 1989 and 1990 for the 
other sectors of the economy are derived from time series 
modeling techniques. Inputs to these models are (1) the 
performer-reported actual R&D performance data, and (2) 
information on Federal R&D funding of non-federal sec- 
tors, as reported by Federal agencies in the third quarter of 
FY 1989. 

Revisions to industry data. This National Patterns is the 
first to include R&D data based on a new industry sample 
drawn for survey year 1987. To the sample that was last 
drawn for 1981, new firms were added and industry clas- 
sifications were updated. As a result, extensive revisions 
have been made in the historical industry—and therefore 
national—R&D time series. Additionally, the methodol- 


ogy used by the Bureau of the Census for imputing char- 
acter-of-work splits for industry’s R&D performance was 
changed for 1986 and later years; these data are not strictly 
comparat le to data for 1985 and earlier years. The reader 
should consult the Technical Notes for further discussion 
of the industry survey changes. 

Shortly prior to publication of this report, NSF discov- 
ered that the 1986 data on Federal R&D support to industry 
had been miscalculated. Because data for a merger be- 
tween two companies were not correctly processed, the 
federally-funded total was overstated by $356 million. 
This is equivalent to 1.4 percent of industry's federally- 
funded R&D performance, or 0.3 percent of the Nation’s 
total R&D performance. Revised 1986 data (and adjust- 
ments in 1982-85 data) will be printed in the next edition 
of this report. 


highlights 


: . percent from 1989 support levels, or about a 1-percent 
r&d expenditures increase in real terms. Most—$4 billion—of the re- 


maining R&D funds are expected from universities 


¢ Total R&D expenditures in the United States are ex- is is a 12- : 
billion in 1990, oral and colleges. This percent increase from 1989 
P —_— +. n $150 : aint ore t6 percent levels, or 7-percent growth after inflation. (These esti- 
~rente~wie estima $142 billior ‘oe nt in 1989. mates are based on performer surveys and modeling 
After adjusting for expected inflation, this is a 1-per- techniques outlined in the Technical Notes.) 


cent increase and represents the 15th consecutive year 


of expanding real R&D spending.’ Fay peering a 
; In reliable R&D cost index, the impliat pr 
* The Federal Government is expected to provide $69 ecscations quation (200 toquedtconvetthD expandinarnstocmtent Wt 


billion in 1990; industry R&D support is estimated at —oltars. The GNP deflator includes the effects of price changes for all final goods 
$74 billion (chart 1). Both sources are up roughly 5 —_and services in the economy; therefore, it can indicate only approximate changes in 
the cost of inputs specifically related to R&D performance. 


Chart 1. The national R&D effort 
Expenditures for research and development in 1990 = $150 billion (est.) 
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SOURCE: National Science Foundation, SRS; tables B-5, 8-6, B-7, B-9, B-11, and B-15 


¢ R&D growth in the eighties—a 55-percent real in- 
crease between 1980 and 1990—was fueled largely by 
major increases in Federal support for defense-related 
R&D programs. Defense R&D grew from 50 percent 
of the Federal R&D budget authority in 1980 to 69 
percent in 1986. Since then, growth in civilian-related 
Federal R&D authorizations has outpaced that of de- 
fense-related R&D; nonetheless, defense still accounts 
for an estimated 62-percent share of the 1990 Federal 
R&D budget authority—as proposed in the 
Administration’s 1991 Budget. (See pp. 8-9.) 

¢ Growth in total U.S. R&D expenditures has been slow 
since the mideighties. From 1982 to 1985, R&D spend- 
ing increased on average by more than 8.5 percent per 
year in real terms. Over the 1985-90 period, the aver- 
age annual rate of real R&D growth is estimated at 2.1 
percent. Both Federal and non-Federal R&D support 
has slackened considerably. (See pp. 8.) 

© Because of rigorous constraints placed on all parts of 
the budget, total Federal R&D support (both defense- 
and civilian-related) slowed from a 6.2-percent aver- 
age annual real rate of increase during the 1980-85 
period to an estimated 2.3-percent annual rate for 
1985-90. (See p. 9-10.) 

¢ Over the same 5-year periods, non-Federal support 
for R&D fell from a 7.5-percent average annual real 
rate of increase to an estimated 2.0-percent growth 
rate. Most of the slowing is attributable to a decelera- 
tion in industry’s R&D funding, which coincides 
largely with a decline in companies’ sales and profit 
expectations. (See p. 11.) 

¢ As a result of recent R&D trends, the proportion of 
GNP spent on R&D activities dropped slightly from 
2.8 percent in 1985 to an estimated 2.7 percent in 1990. 
(See p. 13.) 


¢ The United States spends more money on R&D activ- 
ities than do France, West Germany, the United King- 
dom and Japan combined. As a proportion of 1988 
GNP, however, R&D expenditures for the United 
States (2.8 percent of GNP) are about the same as West 
Germany’s (2.8 percent) and slightly below Japan’s 
(2.9 percent). The 1988 R&D/GNF ratios of France (2.3 
percent) and the United Kingdom (2.2 percent) are 
somewhat lower. (See p. 15.) 


2 National Science Foundation, Federal R&D Funding by Budget Function: Fiscal 
Years 1989-91, NSF 90-311, Report (Washington, D.C., 1990). 


¢ When civilian R&D expenditures are compared to 


GNP, the U.S. ratio (2.0 percent) is substantially lower 
than that of Japan (2.9 percent) and West Germany (2.6 
percent). The nondefense R&D/GNP ratios are 1.8 
percent for France and 1.7 percent for the United 


Kingdom. (See pp. 15-16.) 


r&d performance by 
sector 


¢ Industry is expected to account for 72 percent of the 


Nation’s 1990 R&D performance total. Its estimated 
$108 billion R&D performance represents a 5-percent 
increase from 1989 levels, or 1 percent in real terms. 
Most (67 percent) of industry’s expected R&D perfor- 
mance total will be company-funded; Federal funding 
is expected to account for the rest. (See pp. 17-19.) 
The Federal Government will perform an estimated 
$17 billion of R&D in 1990. This is a 6-percent increase 
over 1989 levels, or—after adjusting for inflation— 
slightly more than a 1-percent gain. Much of the ex- 
pected increase is for the intramural R&D activities of 
the Department of Defense (DOD) and the National 
Aeronautics and Space Administration (NASA). In 
total, Federal agencies will account for 11 percent of 
the expected U.S. 1990 R&D performance. (See pp. 
19-20.) 

The Nation’s universities and colleges, including uni- 
versity-administered federally funded research and 
development centers (FFRDCs) are expected to per- 
form 14 percent, or $21 billion, of the total U.S. 1990 
R&D effort. Estimated performance by universities 
and colleges is $16 billion (a 5-percent real gain from 
1989), and that by FFRDCs is $5 billion (up 4 percent 
in real terms). Overall, real R&D performance growth 
during the 1985-90 period is stronger for the academic 
sector than for any other sector of the economy. (See 
pp. 20-21.) 


r&d performance by 
state 


¢ Data are available on the State distribution of 1987 


R&D performance by industry, academia, and Federal 
and State agencies, and the federally funded R&D 
activities of nonprofit institutions. Six States (Califor- 
nia, New York, Michigan, New Jersey, Massachusetts, 


and Pennsylvania) accounted for one-half of the U.S. 
total, and 10 States (adding Texas, Illinois, Ohio, and 
Maryland) accounted for about two-thirds of the na- 
tional effort. In each of these 10 States, more than $4.5 

¢ The 20 smallest R&D States collectively accounted for 
4 percent of the R&D conducted nationwide—about 
$5 billion in total. (See pp. 23-25.) 


character of r&d work 


¢ An estimated $95 billion will be spent on development 
in 1990. Applied research should reach $34 billion, and 
$21 billion is projected for basic research. These totals 
1989 levels of 1 percent for development, 0.4 percent for 
applied research, and 4 percent for basic research. 

¢ Asashare of the expected 1990 R&D total, development 
accounts for 63 of US. expenditures, applied 
research for 23 percent, and basic research for 14 percent. 
(See p. 27.) 


* Much of the decade’s growth in development wasa result 
of the major increases in Federal support for defens= R&D, 
which is about 90 percent development. (See p. 28.) 


r&d scientists and 
engineers 
-© According to institutional performer-based surveys 
for 1988, the estimated full-time equivalent (FTE) of 
949,200 scientists and engineers were employed in 
R&D activities. This represented a 3-percent increase 
from 1987 and was 62 percent more than the 1978 
level. Most of the growth occurred in the industrial 
sector. In 1988, industry spent an average $140,000 on 
R&D per each FTE R&D scientist and engineer. (See 
p. 29.) 
¢ There were 419,100 employed doctoral scientists and 
engineers in the United States in 1987, a 47-percent 
increase from 1977. (The latest data available are for 
1987.) These doctorate-holders reported that they 
were involved in R&D activities more than in any 
other type of work. In 1987, R&D accounted for 45 
percent of their primary work activities reported. (See 
p. 29.) 


trends in national r&d support 


US. expenditures on R&D are to reach an 
estimated $150 billion in 1990 (chart 2). This would be a 
5-percent increase from estimated 1989 levels-—$142 bil- 
lion—or 1-percent growth after adjusting for expected 
inflation.* The Federal Government will provide 46 per- 
cent ($69 billion) of total funds; and non-Federal sectors of 
the economy, i.e., industry, State Governments, universi- 


* Real growth for 1990 is derived using the Office uf Management and Budget 
GNP implicit price deflator estimate of 47 percent. 


ties and colleges, and other institutions, will 
provide the remaining 54 percent ($81 billion). The 1290 
increase is a continuation in a trend of relatively small 
annual gains in R&D expenditures that began in 1986. 
The 1986 shift to slow R&D growth, however, is only the 
most recent of several notable ing points in R&D 
spending patterns that have occurred during the past 20 
years. Starting in 1968 and for nearly a decade, R&D 
growth failed to keep up with either inflation or general 
increases in economic output. In fact, between 1968 and 


Billions of dollars 
160 


140 F 


a 
120 - 
» 


100 


~ '* Me - a - _ 


. 
7 = — i. A. - all 


_ 
. 
. 
7 
= 
a 
_ 
’ 
= 
££ 


Oe 


0 .-+ +++ 
1968 72 76 ‘80 ‘84 


* paased on GNP implicit price deflator. 
SOURCE: National Science Foundation, SAS, table 8-5 


Chart 2. National R&D funding by source 


Spending on R&D is up 140 percent since 1960... ..-Dut in real terms has slowed considerably since the mid-1980s 
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1975, real R&D expenditures declined almost 9 percent. 
Federal support, in particular, fel’ precipitately during this 
penod (down 22 percem in real terms): both defense- and 
nondefense-related R&D declined. 

Following recovery from the 1974 cil embargo and 1975 
recession, a significant funding reversal occurred. U.S. 
R&D expenditures more than tripled within just 10 years, 
climbing from $35 billion in 1975 to $114 billion in 1985. 
When adjusted for inflation, the 10-year increase was ap- 
proximately 71 percent 

During the first half ofthis period (1975-80), there was 
considerable growth in Federal R&D funding for non- 
defense activities. defense-related R&D expen- 
ditures rose annually, much of the Federal R&D gain was 
attributable to energy-related R&D (particularly nuclear 
energy t) and to greater support for health- 
related R&D (chart 3). Non-Federal R&D increases were 
concentrated in industry, and resulted largely from greater 
emphasis on energy conservation and improved use of 
fossil fuels. , energy concerns fostered in- 
creases in R&D funding by both Federal and non-Federal 
sources: support for R&D rose 140 percent in real 
terms between 1974 and 1979, and accounted for one-half 
of the national increase in real R&D spending. 

Overall, the U.S. constant-dollar investment in total 
R&D grew at an average annual rate of 4.1 percent during 
the 1975-80 period. Although the rate of increase remained 
rather steady through 1982 (4.5 percent annually), the 
focus of the national R&D effort began to shift heavily 
toward defense-related activities in the early eighties.‘ 
Largely as a result of increases in defense R&D, growth in 
total R&D expenditures accelerated to an 8.5-percent aver- 
age annual rate over the 1982-85 period: not since the 


space-inspired spending bulge in the early sixties had 
R&D in the United States grown so rapidly during any 
3-year period. 

This pattern of a generally increasing rate of R&D 
growth, however, changed abruptly. From 1985 to 1988, 
R&D spending slowed to a 3-percent annual real rate of 
increase; slackening in both Federal and non-Federal sup- 
port contributed to this slowing. R&D growth in 1989 and 
1990 is estimated to decelerate further, slowing to a 1-per- 
cent real increase each year. 


——-, 


federal support, 1980-90 
Since the early eighties, the Federal Government has 
consistently provided about 46 percent of all funds spent 


‘Industry R&D expenditures on energy and pollution abatement also slowed in 
the early eighties. During 198] and 1982, such expenditures increased at only 
one-third the rate reported for the previous four years. 


Chart 3. Changes in Federal R&D 
authority for selected functions 
(Based on 1982 constant dollars) 
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* No change in health RAD in 1986. 
i National Sciance Foundation, SRS, and Office of Management 


on R&D in the United States. Total (defense- and civilian- 
related) Federal R&D support grew from $29 billion in 
1980 to an estimated $69 billion in 1990, or about a 52-per- 
cent increase after adjusting for inflation. The real rate of 
increase was particularly strong in the first half of the 
decade: from 1980 to 1985, Federal R&D support grew on 
average by 6.2 perce’t annually. Support then slowed 
considerably in 1986 reflecting the budgetary constraints 
imposed on all Government programs, including those 
mandated by the Gramm-Rudman-Hollings Act.’ As a 
consequence, real Federal R&D support is estimated to 
increase on average by 2.3 percent per year over the 1985- 
90 period. 

Much of the gain in Federal R&D support during the 
eighties was a result of large increases in defense spending. 
This is borne out by data on U.S. budget authority. For 
example, defense activities of DOD and the Department of 
Energy (DOE) accounted for one-half of total Federal R&D 
budget authorizations in 1980.° By 1986, such defense- 
related spending peaked at 69 percent of the Federal R&D 
budget authority. 


° The Balanced Budget and Emergency Deficit Control Act of 1986. 
° These percentage share estimates of defense-related R&D expenditures are 
based on the President's 1991 Federal budget authorization totals, not on data 


reported by the actual R&D performers. They do not include subsequent congres- 
sional or agency changes. 


In each year since then, the growth rate in Federal au- 
thority for civilian-related R&D has been higher than for 
defense-related R&D. Increases for health- and space-re- 
lated R&D are particularly strong, while estimated R&D 
for defense programs declines annually—in real terms— 
during the 1988-90 period. As a result, defense-related 
R&D accounts for an estimated 62 percent of the 1990 total 
Federal R&D budget authority, as proposed in the 
Administration's 1991 budget. 

[For the Nation as a whole, defense R&D climbed from 
25 percent of the total R&D effort in 1980 to 30 percent in 
1985. In 1990, defense R&D is expected to settle back to a 
28-percent share of total (Chart 4). These shares by national 
objective represent a distribution of performer-reported 
R&D data. They are distinct from the budget authority 
shares, reported above, that are based on the various func- 
tional categories that compose the Federal budget. (See 
Technical Notes, appendix a.)] 

R&D is estimated to account for 13 percent ’ of the 1990 
defense-related budget authority and 3 percent of all Fed- 
eral nondefense funds (table 1). Despite a slight decline in 
total defense R&D authorizations (table B-21), the 


” National Science Foundation, Federal R&D Funding by Budget Function: Fiscal 
Years 1988-91, op. cit. These data reflect estimates contained in the Administration's 
1991 Federal budget proposal. 
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Chart 4. R&D spending by national objective and source 
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Table 1. Budget authority for R&D as a 
percent of enacted total Federal budget 
authority by function: 1990 


[Dollars in millions] 


R&D 
R&D Federal percent 
Function total total share 
Total budget...................... $63,805 $1,337,621 4.8% 
On-budget...................0.44 63,805 1,078,980 5.9 
National defense............... 39,877 301,631 13.2 
Non-defense (on-budget).} 23,928 777,349 = 3.1 
ae 2,911 5,611 51.9 
Healltfh.............ccccccceecssseeee 8,358 60,341 13.9 
General science............. } 2,499 3,202 78.0 
Space research and 
technology................... {} §,577 11,394 48.9 
Natural resources and 
environment................4 1,362 16,955 8.0 
All OtN@L.............cccccceceeeeee 3,221 679,846 0.5 


NOTE: Derived from the Administration's 1991 budget proposal. 
SOURCES: National Science Foundation, SRS, and Office of Management 


and Budget 


President’s budget provides for increases in selected pro- 
grams such as the space-based antiballistic Strategic De- 
fense Initiative and the Advanced Tactical Fighter. In 
nondefense areas, R&D should account for 78 percent of 
general science funds, 95 percent of which is devoted to 
the conduct of basic research and includes funding for the 
Superconducting Super Collider and increases in the NSF 
budget; 52 percent of energy funds; 50 percent of space 
funds, with major funding increases slated for continued 
development of the planned manned Space Station; and 
14 percent of health funds, with increased funding for 
Acquired Immunodeficiency Syndrome/Human Immu- 
nodeficiency Virus (AIDS/HIV) research. 


indirect federal 
encouragement 


In addition to increases in direct Federal support for 
R&D, other Federal efforts have stimulated national R&D 
spending during the eighties. For example, the Economic 
Recovery Tax Act (ERTA) of 1981 provided a 25-percent tax 
credit for companies’ incremental spending on qualified 


10 


R&D through calendar year 1985. Since initial passage of 
the Act, its R&D credit provisions have been thrice ex- 
tended and are currently in place through September 
1990. 

Congress also has sought to encourage industry support 
specifically for basic research. The Tax Reform Act of 1986 
allowed companies to claim a 20-percent tax credit on basic 
research grants, contributions, and contracts to universi- 
ties and other qualifying nonprofit research organizations. 
This tax credit provision is due to expire after September 
1990. 

Furthermore, programs have been set in place to help 
strengthen the R&D links between industry, university, 
and government laboratories. This is reflected in programs 
such as the Engineering Research Centers and Science and 
Technology Centers funded by NSF, and the Centers for 
the Commercial Development of Space funded by NASA. 
Federal laws have been enacted—notably the 1986 Federal 
Technology Transfer Act—to promote the transfer of tech- 
nology from Federal laboratories to State and local govern- 
ments and the private sector. The 1986 Act also formally 
established the Federal Laboratory Consortium for Tech- 
nology Transfer (FLC), a networking organization of more 
than 300 Federal laboratories, research centers, and their 
technology transfer offices.’ Each of the larger Federal 
laboratories is required to have an Office of Research and 
Technology Applications (ORTA) that identifies and dis- 
seminates information on Federal R&D projects with po- 
tential applications in other economic sectors. With the 
signing of the Omnibus Trade and Competitiveness Act of 
1988, the National Bureau of Standards—renamed the Na- 
tional Institute of Standards and Technology—was given 
a lead role in facilitating private sector access and commer- 
cialization of promising R&D projects through cooperative 
efforts among all sectors of the economy. Federal agencies 
will spend an estimated $510 million on technology trans- 
fer activities in 1990."° 


® ERTA provided a 25-percent tax credit—between July 1, 1981, and December 
31, 1985—for qualified R&D expenditures in excess of a threshold equal to the 
average qualified expenditures of a taxpayer during the three previous years. The 
Tax Reform Act of 1986 extended the R&D credit through 1988 at 20 percent, but for 
a somewhat narrower and stricter definition of qualified R&D. This Act also 
provided for a basic research tax credit during calendar years 1987 and 1988. (See 
text.) Both tax credits were extended through 1989 by the Technical Corrections and 
Revenue Act of 1988. With the signing of the 1989 Omnibus Reconciliation Act, the 
credits received a 9-month extension. 

* The FLC evolved from a consortium created by DOD in 1971. 

'° Office of Management and Budget, “Special Analysis J,” The Budget of the United 
States Government, Fiscal Year 1990 (Washington, D.C.: Supt. of Documents, U.S. 
Government Printing Office, 1989). 


non-federal support, 
1980-90 


Concurrent with gains in Federal R&D spending, R&D 
support from non-Federal sources also increased substan- 
tially in the first half of the eighties—up on average by 7.5 
percent per year in real terms between 1980 and 1985. Since 
then, non-Federal support in real dollars has slowed to an 
estimated 2.0-percent average annual rate. 

Most non-Federal R&D support is provided by industry. 
Of the estimated 1990 non-Federal total ($81 billion), 92 
percent ($74 billion) will be company-funded. From 1980 
to 1985, industrial support for R&D increased at a 7.7-per- 
cent average annual inflation-adjusted rate; this growth 
was maintained through both the mild 1980 recession and 
the more severe 1982 recession (chart 5). Key factors be- 
hind industry’s R&D increases included a growing con- 
cern with international competition, especially in 
high-technology industries; the increasing technological 
sophistication of products, processes, and services; and 
general growth in defense-related industries such as elec- 


tronics, aircraft, and missiles. 

Between 1985 and 1990, growth in R&D support from 
industry is estimated at only one-fifth the rate of the pre- 
vious five years, averaging 1.5-percent growth per year in 
real terms. Although this slowdown cannot be linked to 
any single cause, company officials cite smaller increases 
in sales and profit expectations as the major reason for the 
deceleration in their R&D funding. Respondents to an NSF 
survey also note that increases in the real cost of capital 
and in the number of corporate mergers and acquisitions 
may have served somewhat to curb R&D growth rates.” 

In contrast to the recent sluggishness in industrial R&D 
support, support from other non-Federal sectors—univer- 
sities, State and local governments, and other nonprofit 
institutions—has been increasing. Between 1980 and 1985, 
average annual rate of real R&D support from these sectors 
was 4.9 percent. Increases in non-Federal non-industry 
real R&D support is estimated at 8.4 percent per year 
during the 1985-90 period. Most of these R&D dollars are 
used for research by the academic sector. 


" National Science Foundation, “Slow R&D Spending Growth Continues into 
1990s,” Science Resources Studies Highlights, NSF 90-307 (March 9, 1990). 


Chart 5. Changes in national R&D spending by source of funds 
(Based on constant 1982 dollars) 
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measures and comparisons of 
national resources for r&d 


In this section, two indicators of R&D spending are 
examined—(1) the ratio of total R&D expenditures to GNP, 
and (2) the ratio of Federal funds expended for R&D to 
total Federal funds. Also, a comparison of U.S. R&D re- 
sources to those of other countries is presented. These 
measures and comparisons show that, overall, and despite 
a recent leveling trend, the U.S. commitment to R&D has 
increased considerably during the past decade. Relative to 
its major international competitors, however, the U.S. 
R&D effort has eroded slightly. 


u.s. r&d/gnp ratio 


The ratio of R&D expenditures to GNP may be used as 
a measure of the Nation’s commitment to R&D. In 1990, 


total U.S. support for R&D is expected to total $150 billion; 
this equals 2.7 percent of an estimated $5.58 trillion GNP. 
This percentage share is virtually unchanged from the 
estimated 1989 ratio (table B-14). 

Reviewing the U.S. R&D/GNP ratio over time shows a 
peak of 2.9 percent in 1964 with a gradual decline to 2.1 
percent in 1978. This drop largely reflected Federal 
cutbacks in defense and space R&D programs, although 
gains in energy R&D activities between 1975 and 1979 
resulted in a relative stabilization of the ratio at around 
2.1-to-2.2 percent. Over the entire 1965-78 period, the an- 
nual percentage increase in real R&D was less than the 
annual percentage increase in real GNP. In years that real 
R&D spending decreased, real GNP also fell but at a lower 
rate (chart 6). 

From 1979 to 1985, the R&D/GNP ratio increased stead- 
ily from 2.2 percent to 2.8 percent. This increase was as 


Chart 6. Annual changes in GNP and R&D: 1965-90 
(Based on constant 1982 dollars) 
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much due to a slowdown in GNP growth as to increased 
spending on R&D activities. For example, the 1980 and 
1982 recessions resulted in a slight decline in real GNP; 
there was no corresponding reduction in R&D spending. 
In contrast, during previous recessions, changes in sup- 
port for R&D tended to parallel—and even exceed—the 
adverse movements of broader economic measures. Since 
1985, the R&D/GNP ratio has declined slightly as a result 
of slow R&D expenditure growth, coupled with slow but 
continued expansion in the national economy. 


u.s. federal r&d funds/ 
total budget ratio 


One way to gauge the Government's priority for R&D 
is to compare Federal outlays for R&D to Federal outlays 
for all purposes. In 1990, total Federal outlays (for on-bud- 
get programs only) are estimated at $971 billion.” An 
estimated 6.5 percent ($63 billion) of total outlays is for 
R&D; this is largely unchanged from the 1989 R&D/total 
outlay ratio (chart 7). 


” Almost all off-budget receipts and disbursements are for Social Security 
programs (the Federal Old-Age and Survivors Insurance and the Federal Disability 
Insurance trust funds) which are excluded from the budget totals by the Balanced 
Budget and Emergency Deficit Control Act of 1985. Off-budget outlays for FY 1990 
are estimated at $226 billion. Outlays are those provided in the President's 1991 
budget proposal, Office of Management and Budget, The Budget of the United States 
Government, Fiscal Year 1991 (Washington, D.C.: Supt. of Documents, U.S. Government 
Printing Office, 1990). 


From 1968 to 1983, R&D outlays as a percentage of total 
outlays declined steadily, dropping from 10.3 percent to5.5 
percent. The rate of decline was most rapid in the late 
sixties and early seventies, and slowed considerably from 
1975 on. The 1968-74 decrease in the R&D outlay ratio from 
the high levels of the sixties, is explained partially by a 
general de-emphasis on R&D which prevailed before the 
first oil embargo; part undoubtedly stemmed from a re- 
duction in defense expenditures. 

In contrast to this earlier period, R&D outlays generally 
held their own during the mid- and late seventies when 
budget-wide outlay increases were growing rapidly. The 
Federal R&D outlay ratio dropped only from 6.9 percent 
in 1975 to 5.5 percent in 1983. This was barely one-third the 
percentage-point drop reported for the previous 8-year 
period and is in itself 1 good indication of the higher 
priority then accorded R&D funding. Since its 5.5-percent- 
age-share low in 1983, the annual R&D outlay has fluctu- 
ated somewhat, although the tendency has been to 
increase rather than decline. 


international 
comparisons 


The R&D/GNP ratio discussed above can be used to 
determine the relative emphasis placed on R&D activities 
by the United States and other countries. Another useful 
measure is to compare the number of R&D scientists and 


Chart 7. R&D/GNP ratio compared to Federal R&D/total budget outlay ratio ° 
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engineers in a country with its total labor force. Use of 
these ratios bypasses many of the problems in interpreta- 
tion caused by inflation, exchange rate fluctuations, differ- 
ent unit costs, and variations in the volume of research 
efforts. Caution must nonetheless be exercised in making 
even these international comparisons, because each coun- 
‘try compiles its R&D and personnel data differently from 
the others. 

R&D/gnp ratios. The United States spends more money 
on R&D activities than does any other country; in fact, it 
spends more than France, West Germany, the United King- 
dom, and Japan combined.” The U.S. ratio of R&D funds 
to GNP, however, is roughly comparable to those of West 
Germany and Japan. In 1988—the latest year of available 
foreign data—the R&D/GNP ratio for the U.S. and West 
Germany was 2.8 percent, and for Japan was 2.9 percent. 
In comparison, the ratio for France was estimated at 2.3 
percent in 1988; the United Kingdom’s R&D/GNP ratio 
was 2.2 percent. 

During the early to midsixties, the United States ranked 
highest among these countries in terms of both R&D expen- 
ditures and R&D/GNP ratios (almost 3 percent). After 1964, 
however, the U.S. ratio began to decline as Federal R&D 
spending for defense and space was cut back while the U.S. 
GNP continued to increase. At the same time, the ratios in 
other countries—notably West Germany and Japan—slowly 
increased. These divergent trends continued until the mid- 
seventies, by which point the U.S. ratio had dropped to 2.1 
percent and was about equal to those in West Germany, the 
United Kingdom, and Japan (chart 8). 

During the late seventies and early eighties, the ratios in 
all countries were again increasing and by 1985 had 
reached 2.8 percent in the United States, West Germany, 
and Japan; 2.3-percent R&D /GNP ratios were reported for 
France and the United Kingdom. Since then, Japan’s ratio 
has increased slightly, the U.S. and U.K. ratios have de- 
clined slightly, and those in the other three countries have 
remained virtually unchanged. 

If defense activities are excluded from the R&D data, the 
gap between the United States and the two other leading 
R&D-performing countries widens. The nondefense 
R&D/GNP ratio for the United States in 1988 (2.0 percent) 
was considerably lower than those for West Germany (2.6 
percent) and Japan (2.9 percent) (chart 8)."* About 70 per- 
cent of the U.S. R&D effort was devoted to nondefense 
activities, as compared to more than 90 percent in these 
two countries. France and the United Kingdom reported 


"’ For example, the United States spent $106 billion on R&D in 1988 (constant 
1982 dollars). Comparable R&D expenditures, based on purchasing power parity 
exchange rates, for Japan were $37 billion; for West Germany, $19 billion; and $14 
billion each for the United Kingdom and France. See National Science Foundation, 
International Science and Technology Update: 1989, NSF 89-307, Report (Washington, 
DC., 1989). 


Chart 8. R&D expenditures as a 
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SOURCES: National Science Foundation, SRS, and Organisation for 
Economic Cooperation and Development; tables B-18 and B-19 


™ The GNP figures used here to derive nondefense R&D/GNP ratios include 
defense-related GNP. If GNP data exclusive of military expenditures are used 
instead, the nondefense R&D/GNP ratios are not significantly effected—by less than 
0.3 percentage points for any single country in any single year. Nondefense GNP 
data are derived from information reported in U.S. Arms Control and Disarmament 
Agency, World Military Expenditures and Arms Transfers: 1987 (Washington, D.C.: 
Supt. of Documents, U.S. Government Printing Office, March 1988). 


15 


Chart 9. Scientists and engineers engaged in R&D 
per 10,000 labor force by country 
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nondefense R&D/GNP ratios of 1.8 percent and 1.7 per- 
cent, respectively. 

R&D scientists and engineers/labor force ratios. Com- 
paring the number of scientists and engineers employed 
in full-time equivalent R&D jobs with the total labor force 
results in a ratio higher in the United States than in the 
other industrialized market economies. There were about 
77 FTE R&D professionals per 10,000 in the U.S. labor force 
in 1988 (chart 9); this ratio increased annually after 1976— 
when it was 55 per 10,000. 

Ratios in the United Kingdom, Japan, Germany and 
France also have been increasing annually. The rate of 
growth in Japan has been especially rapid. Japan’s 
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R&D/ labor force ratio increased from 50 R&D profession- 
als per 10,000 workers in 1979 to 69 per 10,000 in 1987, 
which is the latest year of available foreign data.” By 
comparison, there were 36 FTE R&D professionals per 
10,000 in the United Kingdom in 1987, 45 per 10,000 in 
France, and 54 per 10,000 in West Germany. 


5 Japanese and U.S. surveys on the number of scientists and engineers engaged 


in R&D are not strictly comparable. Except for scientists and engineers employed 
by the Federal Government, the U.S. data are adjusted to estimate full-time equiv- 


alence: Japanese surveys, on the other hand, ask for the total number of scientists 
and engineers engaged in R&D regardless of the amount of time devoted to R&D. 
In this report, the Japanese data on scientists and engineers exclude those engaged 
in R&D in the social sciences and humanities. For the United States, such personnel 
are excluded from the industry sector alone. 


national r&d performance 
patterns—by sector 


The sectoral shares of U.S. R&D performance have 
shifted slightly during the past decade. In 1980, industry 
performed 71 percent of the Nation’s R&D; the academic 
sector—including FFRDCs administered by universities— 
accounted for 13 percent; the Federal Government for 12 
percent; and the nonprofit sector, 3 percent. As industry's 
defense-related R&D efforts accelerated in the early eight- 
ies, its share of the performance total rose to a 1985 peak 
of 74 percent. Concurrently, academic R&D performance 
slipped slightly to 12 percent of the US. total, and the 
Federal share dropped to 11 percent. The nonprofit R&D 
share remained at 3 percent in 1985. 

Growth in academic R&D rmance has since out- 
paced that of the other sectors. From 1985 to 1990, real R&D 
performance growth by universities and colleges (exclud- 
ing FFRDCs) is estimated at a 6.6-percent annual rate, 
compared to average annual real growth of 1.5 percent for 
industry. Federal intramural performance growth during 
this period is estimated at a 1.7-percent average annual 
rate, and the estimated change in R&D performance by the 
nonprofit sector is relatively flat (0.4-percent annual real 
growth). In 1990, industry is expected to account for 72 
percent of the national R&D performance total. 
Academia’s share should climb to 14 percent; the Federal 
Government’s share is estimated at 11 percent; and the 
nonprofit sector is expected to account for 3 percent of U.S. 
R&D performance (table 2). 


industry 


Projections and trends. R&D performance by indus- 
try—including that performed by FFRDCs administered 
by industrial firms—is projected to reach an estimated 
$108 billion in 1990. This is a 5-percent increase from the 


estimated 1989 level, or 1-percent growth in real terms 
(table 2 and chart 10)."° 

Among the five largest R&D-performing industries, the 
chemicals industry expects the highest rate of company- 
funded R&D growth in 1990 (a 10 percent increase in 
current-dollar terms). The aircraft industry expects a 7-per- 
cent increase in its 1990 R&D budget; professional and 
scientific instruments, a 6-percent increase; and both the 
motor vehicles and machinery/electrical equipment in- 
dustries, roughly a 4-percent gain.”” 

For all industries combined, non-Federal—primarily 
company—financing of industrial R&D performance is 
expected to increase 5 percent in 1990, or 1 percent in real 
terms; Federal funds for industry’s R&D activities are 
expected to be unchanged after adjusting for inflation. 
Overall, companies are expected to fund about 67 percent 
($73 billion) of their R&D performance and the Federal 
Government to fund the rest ($36 billion). These industry 
R&D financing shares have remained relatively un- 
changed for the past decade. 

From 1980 to 1985, company funds for industry R&D 
performance grew at an average annual real rate of 7.7 
percent; Federal R&D funds to industry—largely for de- 
fense, but also for space and other nondefense programs— 
increased on average 8.4 percent annually. In the 1985-90 
period, company funding of industrial R&D performance 
fell to a 1.3-percent average annual rate, whereas real 
Federal financing slowed to an estimated 2.0-percent rate. 
Overall, annual growth in industry’s real R&D perfor- 
mance dropped from 7.9 percent in the 1980-85 period to 
a 1.5 percent estimated rate since 1985. 


"© Industry R&D price deflators developed by Professor Edwin Mansfield of the 
University of Pennsylvania indicate tha’ the GNP implicit price deflator overstates 
real spending by about 1 percent per year. See “Price Indexes for R and D Inputs, 
1969-1983,” Management Science, Vol. 33, No. 1, January 1987, pp. 124-129. 

”” National Science Foundation, “Slow R&D Spending Growth Continues in‘: 
1990s,” op. cit. 
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By industry grouping.’ The most recent year for which 
detailed industry-specific data are available by all sources 


'8 A company is assigned entirely to the industry accounting for its most domi- 


of funds is 1988. The largest R&D-performing industries 
then were aircraft and missiles—accounting for one-fourth 
of the Nation’s industrial R&D performance total—and 
electrical equipment—accouniing for approximately one- 


nant economic activity in terms of total company payroll, even though the firm may 


produce products in several industries. 


Table 2. intersectoral transfers of funds used for performance of research and 
development, basic research, applied research, and development: 1990 (estimated) 
(Dollars in millions) 
RESEARCH AND DEVELOPMENT 
Performers 
Sources Universities U&C Other’ Percent 
of Federal and omen nonprofit distribution, 
Funds Government industry' colleges institutions Total sources 
Federal Governmernt................. 16,700 35,650 9,200 5,250 2,400 69,200 46.1% 
y _ 72,500 1,150 _ 600 74,250 49.5 
Universities and colleges.......... - _ ,300 _ _ 4,300 2.9 
Other nonprofit institutions........ — _ 1,150 - 1,100 2,250 1.5 
Total 16,700 108,150 15,800 5,250 4,100 150,000 100.0 
performers. 11.1% 72.1% 10.5% 3.5% 2.7% 100.0% 
BASIC RESEARCH 
Federal Government................. 2,400 700 6,550 2,750 850 13,250 61.7% 
y _ 3,500 700 - 280 4,480 20.8 
Universities and colleges.......... _ — 2,620 — _ 2,620 12.2 
Other nonprofit institutions........ — — 700 — 440 1,140 5.3 
Total 2,400 4,200 10,570 2,750 1,570 21,490 100.0 
Percent distribution, 
11.2% 19.5% 49.2% 12.8% 7.3% 100.0% 
APPLIED RESEARCH 
Federal Government................. 3,550 5,700 2,325 740 650 12,965 38.4% 
y 18,100 370 _ 200 18,670 55.3 
Universities and colleges.......... - _ 1,380 _ _ 1,380 4.1 
Other nonprofit institutions........ — _ 370 _ 400 770 23 
ee 3,550 23,800 4,445 740 1,250 33,785 100.0 
Percent distribution, 
hineumesenestneneemnmeses 10.5% 70.4% 13.2% 2.2% 3.7% 100.0% 
DEVELOPMENT 
Federal Governmernt................. 10,750 29,2'50 325 1,760 900 42,985 45.4% 
industry 50,900 80 — 120 51,100 53.9 
Universities and colleges.......... _ _ * 300 — — 300 0.3 
Other nonprofit institutions........ ~ _ 80 _ 260 340 0.4 
Total 10,750 80,150 785 1,760 1,280 94,725 100.0 
Percent distribution, 
sensune 11.3% 84.6% 0.8% 1.9% 1.4% 100.0% 
_eepertiaes ter FORD On elrrirtatores ty bet intatty and Congest eden exo lntaded Op wip of Oct eespeetve conten, are 
estimated to account for less than 5 percent and 25 percent, respectively, of the industry and nonprofit institutions performance totals totale. FFAG: are 
exclusively or substantially financed by the ine Federal Government to meet a particular requirement or to provide major facilities for 
research and training purposes. 
FFRDCs administered by individual universities Tn induehy tan by university consortia. 
oa yp oy pegmatite funds reported to industry performers, and in university and college funds reported to 
SOURCE: National scence Foundation, SRS 
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Chart 10. Changes in national 


R&D spending by performer 


Percent change 


(Based on constant 1982 dollars) 
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sixth of total. Machinery (including computers), motor 
vehicles, and chemicals companies each accounted for an 
additional 10 percent or more. As a percentage of net sales, 
1988 R&D expenditures (including company and Federal 
funds) of aircraft and missiles (aerospace) companies were 
again largest at 15.4 percent; followed by that of electrical 
equipment companies, 8.1 percent; and companies pro- 
ducing ional and scientific instruments at 7.7 per- 
cent. The R&D/net sales ratio for all manufacturing 
companies that fund R&D was 4.8 percent in 1988 (table 
B-18). 

Federal financing for these industries varied consider- 
ably. The Federal Government provided $33 billion for all 
industry's R&D performance in 1988, and aerospace com- 
panies received 60 percent of that. Consequently, three- 
quarters of the aerospace industry’s R&D dollars came 
from Federal sources and only one-quarter came from 
non-Federal sources (chart 11). In comparison, the electri- 
cal equipment industry financed 67 percent of its R&D 
from non-Federal funds; the motor vehicles industry 
funded 77 percent; the machinery industry funded 90 
percent; and chemical companies funded 96 percent of its 
R&D. 


federal government 


Projections and trends. The Federal Government is ex- 
pected to perform $17 billion of the 1990 U.S. R&D total. 
This is a 6-percent increase from estimated 1989 levels, or 
about 1 percent more after adjusting for inflatioa. Much of 
the increase is expected for R&D performance by DOD and 
NASA. In total, Federal agencies will account for 11 per- 
cent of the estimated national R&D performance effort in 
1990. 

Up until 1980, the Federal Government had been the 
second largest R&D performer in the Nation. Its share of 
the national R&D total, however, fell from 16 
percent in 1970 to 12 percent in 1980. This reduction in 
Federal R&D performance share was caused primarily by 
cutbacks in space R&D programs: NASA funds for intra- 
mural R&D performance decreased by more than one-half 
in real terms during this period. As a result, in 1980 the 
academic sector—including associated FFRDCs—sur- 
passed the Federal Government in terms of national R&D 


® In 1987, nominal spending on Federal intramural R&D actually fell 1 percent 
(down 4 percent in real terms), reflecting substantial cutbacks in DOD spending. 
Not since 1955 had Federal intramural R&D performance declined from one year to 
the next. 
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Chart 11. Industrial R&D performance 
by industry and source of funds: 1988 
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Agriculture (71 percent of its $1 billion total), followed by 
NASA (31 percent of $7 billion), and DOD (26 percent of 
$40 billion). Intramural accounts for an esti- 
mated 3 percent of DOE's $5 billion R&D support funds; 
FFRDCs are expected to receive the bulk (74 percent) of the 
DOE money (chart 12). 


universities and 
colleges 


Universities and colleges (excluding academically ad- 
ministered FFRDCs) account for an estimated 11 percent 
($16 billion) of the 1990 national R&D performance effort. 


7" R&D data are for separately-budgeted expenditures only. Consequently, they 
exclude that portion of salaries for research time or other research expenses financed 
by funds not specifically earmarked for R&D that come from State and local govern- 
ments and other non-Federal sources, including endowments. 


ee During most of the eighties, the Fed- 
to, and annually accounted for, about 

prone 4 R&D performance.” 
as. Including costs associated with planning 
and administering extramural R&D programs, only three 
agencies are expected to have intramural R&D expendi- 
tures exceeding $1.0 billion in 1990.” Intramural R&D 


performance by DOD is estimated to increase 8 percent to 
$10 billion. NASA's intramural R&D is expected to grow 
13 percent to $2.1 billion, and that by the Department of 
Health and Human Services (HHS)—mostly for the Na- 
tional Institutes of Health—could rise 3 percent to $1.7 
billion. All other Federal agencies are expected to spend a 
total of $2.5 billion on intramural R&D, representing a 
4-percent decrease from 1989 levels. 

As a percentage of an agency’s total—intramural and 
extramural—1990 obligations for R&D, intramural perfor- 
mance is estimated to be highest for the Department of 


® Estimates are for FY 1990 Federal intramural obligations as reported in the 
Administration's 1990 budget proposal (see the Technical Notes), and cover costs 
associated with planning and administering intramural and extramural R&D pro- 
grams by Federal personnel as well as actual intramural R&D performance. See 
Nationa! Science Foundation, Federal Funds for Research and Development: Fiscal Years 
1988, 1989, and 1990, Volume XXXVIII, Detailed Statistical Tables, NSF 90-306 
(Washington, D.C., 1990). 


Chart 12. Federal 


for intramural, FF RDC, and 
extramural R&D 


_ Based on the Administration's 1990 budget proposal 

» Federally tunded research and development centers. 

NOTE: intramural activities include costs of administering intramural and 
extramural programs, as weil as actual intramural R&D performance. 
SOURCE: National Science Foundation, SRS 


This represents a 9-percent increase from 1989 levels, or 5 
percent growth adjusting for inflation. 

Although there was considerable fluctuation in the an- 
nual changes, overall R&D performance by the academic 
sector increased rapidly during the past decade.” From 
1980 to 1985, real growth averaged 4.0 percent annually. 
Furthermore, while real increases in the R&D 
of other sectors slowed considerably after 1985, that of 
universities and colleges quickened to an estimated 6.6- 
percent average annual rate over the 1985-90 period. This 
compares with estimated average annual real R&D growth 
rates of 1.5-percent for industry and 1.7-percent for Federal 
intramural performers. 

The Federal Government provides the major—but de- 
clining—share of the R&D funds used by universities and 
colleges. In the early 1980's, Federal funds accounted for 
two-thirds of the academic total. By 1990, however, this 
share had dropped to an estimated 58 percent. Conse- 
quently, much of the recent growth in academic R&D 
performance is attributable to increased funding from 
non-Federal sources (chart 13). 
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(Based on constant 1982 dollars) 


Average annual percent change 
0 2 4 6 8 110 12 14 


ee ee 


12.0 


0 2 4 6 8 10 12 14 
"Excludes general-purpose State or local government appropriatons 


that universities use at their diacretion for R&D. 
SOURCE: National Science Foundation, SRS 


Between 1980 and 1988 (the latest year for which detailed 
survey data are available), total R&D performance by univer- 
sities and colleges—exclusive of FFRDCs—increased 55 per- 
cent in real terms. Federally financed academic R&D ($8.2 
billion in 1988) was up 39 percent; university and college 
R&D performance using non-Federal funds ($5.2 billion) 
grew by 87 percent. Most notably, the links between academic 
institutions and industry expanded considerably. Industry’s 
academic R&D funding increased by 161 percentin real terms 
from 1980 to 1988, although it still accounted for just 7 percent 
($0.9 billion) of academia’s 1988 R&D total. Universities’ own 
institutional funds, the largest non-Federal source, were 95 
percent larger in real terms, accounting for 17 percent ($23 
billion) of their separately budgeted 1988 R&D expenditure 
total. Real R&D funds from State and local governments 
increased by 60 percent over this 8-year period, and consti- 
tuted 8 percent ($1.1 billion) of universities’ 1988 R&D total. 


academically 
administered ffrdcs 


R&D performance in 1990 by university-administered 
FFRDCs is estimated at $5.3 billion, or almost 4 percent of 
the national R&D effort. FFRDCs account for one-quarter 
of total estimated 1990 academic (universities and colleges 
plus academically administered FFRDCs) R&D perfor- 
mance. Academic R&D accounts for an estimated $21 bil- 
lion, or 14 percent of the Nation’s 1990 R&D performance. 

From 1974 to 1980, academically administered FFRDCs 
increased their R&D performance by 60 percent in real terms. 
This increase largely mirrored the Federal on—and 
funding of—energy programs. Since 1980, the Federal shift 
from energy to defense has resulted in much slower growth 
in FFRDC R&D performance, a 50-percent gain in real terms. 
Their 1980-90 growth rate thus is only one-half the rate of 
increase reported for the 1974-80 period: 4.1-percent average 
annual growth versus 8.1 percent. 
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national r&d performance 
patterns—by state 


The latest data available on the State distribution of R&D 
expenditures are for 1987. These data cover R&D perfor- 
mance by industry, academia, and Federal and State agen- 
cies; and the federally funded R&D activities of nonprofit 
institutions.” 

The State distribution of R&D performance is highly 


” R&D performance data include that conducted by FFRDCs located in each 
sector of the economy. For a more detailed description of these data as well as 
comparisons of 1985 R&D expenditures with other economic measures (for exam- 
ple, population and gross State product), see National Science Foundation, Geo- 
graphic Patterns: R&D in the United States, NSF 89-317, Report (Washington, D.C., 
1989). 


concentrated (chart 14). Of the total U.S. R&D dollars spent 
in 1987—$128 billion—one-half was spent in just six States 
(California, New York, Michigan, Massachusetts, New Jer- 
sey, and Pennsylvania). These States, along with Texas, 
Illinois, Ohio, and Maryland, accounted for about two- 
thirds of the national R&D effort.” Performance in Califor- 
nia alone reached $26 billion (20 percent of the 1987 U.S. 


2 These percentage distributions are based only on expenditures that could be 
allocated by State. For 1987, 2 percent ($2.3 billion) of the U.S. R&D performance 
total reported in the geographic table B-16—$128 billion—was not distributed by 
State. The $128 billion R&D total differs slightly from that reported in the R&D trend 
table B-1 ($127 billion) because of (1) sector-specific revisions captured in table B-1, 
but not in table B-16, and (2) inclusion of State agencies’ intramural R&D perfor- 
mance ($0.4 billion) in table B-16, but not table B-1. 


Chart 14. Cummulative distribution of R&D performance by State: 1987 
Billions of dollars 
125 t 7 ay 125 
98% 
93% 96% “ 
100 + 87% + 100 
78% : 
67% 
75 + = 75 
46% | 
50 + = 50 
25 + = 25 
0 j of... 1 0 
5 10 15 20 25 30 35 40 45 50 
Number of States 
NOTE: Exciudes R&D performance in the District of Columbia and R&D expenditures undistributed by State. 
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total); R&D expenditures ranged between $4 billion and $9 
billion in the other 9 leading States. R&D performance in 
each of the next 10 States totaled more than $2 billion; 
when combined with the first 10 States, these collectively 
accounted for 86 percent of the Nation’s R&D in 1987. R&D 
undertaken in the remaining 30 States and the District of 


Columbia totaled less than $16 billion, or 13 percent of the 
R&D conducted nationwide.“ 


** These State rankings are altered somewhat when the Ré&D expenditures are 
normalized by size of the State. For example, in 1985 the five States with the largest 
R&D/gross State product ratios were New Mexico, Delaware, Maryland, Massa- 
chusetts, and New Jersey. Only Massachusetts and New Jersey were among the 
largest five in terms of total in-State R&D performance. (See National Science 


Foundation, ibid.) 


Table 3. States Leading in R&D performance by sector: 1987 
(Dollars in millions) 
Federal 
Total R&D Rank All sectors Industry Government Academia Other' 
$25,557 1 California California aamrane California Massachusetts 
8,403 2 New York ichi itorni New York California 
7,922 3 Michigan New York D.C. Massachusetts New York 
7,772 4 Massachusetts New Jersey Ohio New Mexico Virgini 
6,728 5 New J Massachusetts Virginia Illinois D.C. 
5,631 6 Pennsylvania Pennsylvania Florida Texas Pennsylvania 
5,462 7 Texas Illinois Alabama -— 
5,369 8 Illinois Texas Massachusetts Pennsylvania 
4,936 9 Ohio i New Mexico ichi Illinois 
4,609 10 Maryland Washington Texas Ohio Texas 
3,523 11 Washington Minnesota Pennsylvania ia Ohio 
3,123 12 Florida New New Maryland! 
2,561 13 Virginia Florida Rhode Isiand North Carolina 
2,533 14 Minnesota Indiana New York Wisconsin North Carolina 
2,474 15 i Missouri Colorado Florida Alabama 
2,388 16 New Mexico North Carolina North Carolina Colorado Michigan 
2,352 17 ma Alabama ississippi Washington Florida 
2,219 18 North Carolina Maryland Tennessee i South Carolina 
2,197 19 Indiana Virginia Washington Minnesota Oklahoma 
2,174 20 Missouri Colorado h Missouri Oregon 
1549 52 Wisconsi — Michigan - vroinla Maine 
; isconsin sas nia 
1,505? 23 D.c.? Georgia Arizona Indiana Rhode Island 
1,429 24 Georgia New Mexico Nevada lowa Alaska 
1,288 25 Kansas Delaw Illinois Alabama Tennessee 
1,145 26 Arizona Arizona Indiana Tennessee New Mexico 
1,034 27 Utah Utah West Virginia Louisiana Arizona 
957° 28 Delaware” Tennessee Missouri Oregon New Jersey 
941 29 Tennessee South Carolina Louisiana Utah i 
649 30 South Carolina Oklahoma Oklahoma Georgia 
or mee island — ore, Alaska nae Carolina Wisconsin 
a owa Oregon sas Wyoming 
534 33 Oklahoma n Kentucky D.C. Nevada 
532 34 Idaho Kentucky Minnesota Kentucky Kansas 
474 35 Oregon Vermont Arkansas Nebraska Hawaii 
356 36 K Rhode Island Hawaii Rhode island Mississippi° 
321 37 Louisiana Arkansas Nebraska Mississippi Utah 
283 38 Vermont Louisiana Wisconsin Hawaii Idaho 
234 39 Mississippi D.C. North Dakota New Hampshire Louisiana 
196 40 Arkansas New Hampshire lowa West Virginia Delaware 
188 41 West Virginia West Virginia New Hampshire North Dakota Nebraska 
168 42 ada Hawaii Montana Arkansas Kentucky 
161 43 New Hampshire Nebraska Connecticut Delaware Arkansas 
159 44 Hawaii North Dakota Idaho Vermont South Dakota 
158 45 Nebraska Nevada South Carolina Alaska Indiana 
120 46 North Dakota Mississippi Kansas Montana North Dakota 
86 47 Alaska Maine Wyoming Nevada West Virginia 
79 48 Maine Alaska South Dakota Idaho lowa 
55 49 Montana Montana Maine Wyoming Vermont 
36 50 Wyomi South Dakota Vermont Maine Montana 
23 51 South Dakota Wyoming Delaware South Dakota New Hampshire 
‘Rankings are based on State Government performance and Federal obligations to nonprofit institutions. 
Based on midpoint of possible R&D performance range. See table B-16. 
5Based only on Federal obligations to nonprofit institutions. 
SOURCE: National Science Foundation, SRS. 
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Each of the 10 States that ranked highest in terms of 1987 
R&D performance wasalso among the top 10 in 1977: Their 
exact rankings, however, shifted slightly. The largest three 
(California, New York, and Michigan) were unchanged 
from 1977, as was New Jersey (ranked fifth in both years). 
Massachusetts and Pennsylvania changed positions— 
fourth and sixth, respectively, in 1987—during this 10-year 
period. Texas moved from tenth in 1977 to seventh in 1987, 
while Illinois, Ohio, and Maryland were ranked one posi- 
tion lower in 1987 relative to 1977 rankings. 

Not coincidentally, most of the States that are national 
leaders in total R&D performance are also leading R&D 
performers in one or more economic sectors (table 3). For 
example, of the 10 States that led in total 1987 R&D perfor- 


mance, only Maryland was not ranked among the top 10 
industrial performers and only New Jersey was not ranked 
among the ‘op 10 academic performers. California and 
New York were ranked among the top three States in each 
of the industry, academic, and nonprofit sectors. 

State rankings for Federal intramural R&D performance 
vary somewhat from the other sector rankings. Four 
States—Virginia, Alabama, Florida, and New Mexico— 
and Washington, D.C., were ranked among the 10 Federal 
sector leaders in 1987, even though they were not listed 
among the total R&D top 10. Each, however, was ranked 
among the top one-half in terms of total in-State R&D 
performance. 
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character of work 


The Nation is expected to spend $21 billion on basic 
research (or 14 percent of the R&D total) in 1990, $34 billion 
on applied research (23 percent of total), and $95 billion on 
development (63 percent of total) (chart 15). These totals 
represent increases from estimated 1989 levels of 8 percent 
for basic research (4 percent in real terms), and roughly 5 
percent each for applied research and development (0.4 
percent and 1 percent, respectively, after inflation). 

In 1980, the respective shares of the U.S. R&D total were 
approximately 13 percent basic research, 22 percent ap- 
plied research, and 64 percent development. The method- 
ology for imputing character-of-work estimates for 
industry’s R&D performance, however, was changed for 
1986 and later years. The revised approach resulted in 
relatively higher estimates for basic and applied research, 


and lower estimates for development expenditures. Con- 
sequently, these data are not strictly comparable to data for 
1985 and earlier years. (See appendix A for further details.) 


basic research 


The average annual growth in basic research spending 
between 1986 and 1990 is estimated at 6.7 percent. After 
adjusting for inflation, this represents an annual increase 
of 2.9 percent per year, which is somewhat slower than the 
5.2-percent real rate of growth reported for the years 1980 
to 1985. (The change between 1985 and 1986 is ignored here 
since it largely is an artifact of the revised imputation 
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Chart 15. National R&D spending by character of work 
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changed for industry after 1985. See appendix A. 
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procedures noted above. Of course, the differential growth 
rates between the two periods also might be such an 
artifact.) 

In terms of support, the Federal Government provides 
the majority of funds used for basic research. Yet as a share 
of the national basic research total, Federal support 
dropped from 70 percent in 1980 to an estimated 62 percent 
($13 billion) in 1990. This decline does not necessarily 
indicate a diminution in Federal support for basic research 
(in fact, it is up 44 percent in real terms since 1980), but 
rather reflects the growing tendency for such support to 
come from other sectors (up 112 percent over the 10-year 
period). 

In terms of performance, universities and colleges ac- 
count for the largest share (49 percent) of the basic research 
total. Including that of university-administered FFRDCs, 
the academic sector’s share of total climbs to 62 percent. In 
1990, universities’—net of FFRDCs—basic research perfor- 
mance is expected to reach $11 billion; this represents a 
10-percent increase from 1989 (6 percent in real terms). The 
Federal Government—primarily NIH and NSF—is ex- 
pected to provide 58 percent of the basic research funds 
used by universities and colleges in 1990; non-Federal 
sources, including industry and State Governments, will 
provide 42 percent of the total. 


applied research 


Over the 1986-90 period, national applied research 
spending grew at an estimated average annual real rate of 
1.4 percent. Increases in industrial support are responsible 
for most of this gain. Industry accounts for an estimated 
55 percent of the 1990 applied research total; Federal sup- 
port is estimated to account for 38 percent of the Nation’s 
support for applied research. 

Seventy percent ($24 billion) of the Nation’s applied 
research is performed within industrial laboratories. Non- 
Federal sources account for most ($18 billion) of these 
monies; Federal sources will provide the rest of the funds 
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($5.7 billion) for industry’s estimated 1990 applied re- 
search performance. 

Of the Nation’s non-industrial 1990 applied research 
performance, most is expected to be conducted by univer- 
sities and colleges ($4.4 billion) and the Federal Govern- 
ment ($3.6 billion). Until recently, the Federal Government 
was the Nation’s second largest performer of applied re- 
search. Since 1976, however, this sector’s performance has 
diminished by 20 percent in real terms. Initially, the decline 
was mainly a result of cutbacks at NASA where applied 
research spending decreased by 60 percent (after adjust- 
ment for inflation) between 1976 and 1984. Since then, real 
reductions in DOD’s intramural applied research have 
accounted for most of the Federal loss. 


development 


Although growth .in the Nation’s support for develop- 
ment was strong throughout the eighties, it was particu- 
larly so in the early half of the decade. From 1980 to 1985, 
development grew on average by 7.1 percent per year in 
real terms as increasingly larger shares of the national R&D 
effort were directed toward defense R&D, which is 90 
percent development. Between 1986 and 1990, the esti- 
mated average annual real growth rate subsequently fell 
to 1.9 percent. Growth in both industry's and the Federal 
Government’s development support slowed consider- 
ably—the latter reflecting the fiscal constraints placed on 
overall defense spending. Of the 1990 national spending 
on development, industry is expected to provide 54 per- 
cent of the total and the Federal Government 45 percent. 

In terms of performance, industry is estimated to ac- 
count for 85 percent ($80 billion) of the Nation’s 1990 
development activities. Such expenditures are concen- 
trated in six major R&D-performing industries—electrical 
equipment, machinery (including computers), chemicals 
and allied products, motor vehicles, professional and sci- 
entific equipment, and aircraft and missiles. 


NSF sponsors a variety of surveys designed to collect 
data on human resources devoted to science and technol- 
ogy in the United States, including information on worker 
inputs for R&D. Surveys directed at employers or institu- 
tions focus on the amount of time devoted to the perfor- 
mance and management of R&D. These data are reported 
in terms of person-years, or full-time equivalent R&D jobs. 
Surveys directed at individuals collect data on the self- 
reported primary work activity; that is, the activity on 
which one spends the largest proportion of time, but not 
necessarily full time. These concepts are further described 
in Appendix A. 


surveys of 
institutions 


It is estimated that the full-time equivalent of 949,200 
scientists and engineers were employed in 1988 on R&D 
activities in the United States. This was an increase of 
about 3 percent over the previous year’s level of 923,300; 
it was a 62-percent increase over the 1978 figure (table 
B-15).” In 1988, three-quarters of these personnel were 
employed by industry. Universities and colleges and the 
Federal Government employed most of the rest, 14 percent 
and 7 percent, respectively. 

Throughout the midseventies, there were approxi- 
mately 55 were FTE R&D scientists or engineers for every 
10,000 persons in the labor force. Continued increases in 
national R&D funding caused this ratio to climb annually 
to the current ratio of 77 per 10,000. 

These personnel estimates make it possible to gain per- 


25 Personnel data for the academic sector—since 1985—and the nonprofit sector— 
since 1973—have been estimated. The reader should refer to table B-16 for details 
on the FTE R&D scientists and engineers series. 


r&d scientists and engineers 


spective on the changing cost of doing research. In 1988, 
the Nation—and industry in particular—spent on average 
about $140,000 on R&D per FTE R&D scientist and engi- 
neer. R&D expenditures include salaries, fringe benefits, 
materials, supplies, and overhead. The comparable 1978 
R&D expenditure/FTE R&D personnel ratio was about 
$80,000 per person. 


surveys of individuals 


In 1987—the latest year of available data—there were 
419,118 doctoral scientists and engineers employed in the 
United States. This represented a 47-percent increase over 
the 285,055 total reported for 1977. Employment of doc- 
toral engineers increased slightly more rapidly than did 
that of doctoral scientists over this 10-year period (4.2 
percent versus 3.9 percent annually). Nonetheless, scien- 
tists with doctorates outnumbered doctoral engineers by 
5 to 1 in 1987. 

Many of these doctorate-holders reported R&D as their 
primary work activity. Specifically, basic research ac- 
counted for 15 percent of 1987 work total; applied research 
accounted for 17 percent; development, 5 percent; and 
R&D management, 8 percent. Teaching accounted for 27 
percent of their primary work activities; the remaining 28 
percent was distributed among non-R&D management, 
consulting, production, and other activities. 

As a percentage of the individual totals, scientists (17 
percent) were more likely to be engaged in basic research 
activities than were engineers (5 percent), whereas engi- 
neers (39 percent) were more often employed in applied 
research and development than were scientists (19 per- 
cent). Overall, a relatively larger share (60 percent) of 
doctoral engineers reported R&D or R&D management as 
their primary work activity than did doctorate-holding 
scientists (42 percent) (chart 16). 


Chart 16. Distribution of employed doctoral scientists and engineers 
by primary work activity: 1987 
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appendixes: 


a. technical notes 
b. detailed statistical tables 
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appendix a 


technical notes 


basis for sector classification 


NSF follows a four-sector division in reporting R&D 
funds and personnel and maintaining time-series data on 
expenditures and employment. The sectors are (1) indus- 
try, (2) the Federal Government, (3) universities and col- 
leges, and (4) other nonprofit organizations. Information 
also is collected for federally funded research and devel- 
opment centers (FFRDCs), which are organizations exclu- 
sively or substantially financed by the Federal 
Government to meet a particular requirement or to pro- 
vide major facilities for research and associated training 
purposes. Each center is administered either by an indus- 
trial firm, an individual university, a university consortia, 
or a nonprofit institution. 

Federal Government. This sector consists of the agen- 
cies of the Federal Government. 

Industry. This sector consists of both manufacturing 
and nonmanufacturing companies. Manufacturing com- 
panies are reported by major industry groupings. Non- 
manufacturing companies are treated as a unit and include 
those in mining, construction, transportation, communica- 
tions, and selected services industries such as R&D labo- 
ratories and computer and data processing services. 
Performance of FFRDCs administered by industrial firms 
is included in industry totals. Industry’s funding of indus- 
try R&D includes all funds (e.g., from State and local 
governments) other than those received from Federal 
sources. 

Universities and colleges. This sector consists of all 
institutions of higher education, both public and private. 
Expenditures of FFRDCs administered by universities and 
colleges are reported separately from totals for this sector. 
University funding of university R&D includes (1) State 
and local government funds separately budgeted for R&D, 
and (2) restricted or general funds that the institutions 
themselves have been free to allocate for research. Funds 
from the Federal Government, industry, or other nonprofit 


institutions, which are supplied in the form of grants or 
contracts for R&D at a university, are credited to the ap- 
propriate source. For example, research contracts from 
industry are treated as university performance funded by 
industry as the source. Funds given to the institution by 
industry for general educational purposes and used by the 
school—at its discretion—for research are treated as uni- 
versity performance financed with the university's own 
funds 


Other nonprofit institutions. This sector consists of 
institutions that fall into two general groups: (1) Organiza- 
tions that are primarily granting in nature, namely, private 
philanthropic foundations and voluntary health agencies; 
and (2) public and private organizations that are involved 
in performing R&D, including FFRDCs administered by 
nonprofit organizations. 


definitions 


Research and development in this report consists of 
basic and applied research in the sciences (including med- 
ical sciences) and in engineering and activities in develop- 
ment, all defined below. 

The Federal, university, and nonprofit sectors report 
data for the broad fields of life sciences, physical sciences, 
environmental sciences, mathematics and computer sci- 
ences, psychology, physical sciences, engineering, social 
sciences, and an all-inclusive other sciences category. In- 
dustry coverage is limited to (1) the physical sciences, 
including related engineering; and (2) the biological sci- 
ences, including medicine but excluding psychology. It 
specifically excludes research in the social sciences. 

Basic research. Within the Federal, university, and non- 
profit sectors, basic research is defined as research directed 
toward increases in knowledge or understanding of the 
fundamental aspects of phenomena and of observable 
facts without specific application toward processes or 
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products in mind. For the industry sector, basic research 
projects are defined as “original investigations for the ad- 
vancement of scientific knowledge... which do not have spe- 
cific commercial objectives, although they may be in fields of 
present or potential interest to the reporting company.” 

Applied research. Within the Federal, university, and 
nonprofit sectors, applied research is defined as research 
directed toward gaining “...knowledge or understanding 
necessary for determining the means by which a recog- 
nized and specific need may be met.” Here again, the 
applied research definition for the industry sector is mod- 
ified to include “...research projects which represent inves- 
tigations directed to discovery of new scientific knowledge 
and which have specific commercial objectives with re- 
spect to either products or processes.” 

Development. The NSF survey definition of develop- 
ment is “...the systematic use of the knowledge or under- 
standing gained from research directed toward the 
production of useful materials, devices, systems or meth- 
ods, including design and development of prototypes and 
processes.” It excludes quality control, routine product 
testing, and production. 


current operating costs 


Funds used for R&D refer to current operating costs. 
They consist of both direct and indirect costs; they include 
not only salaries, but also fringe benefits, materials, sup- 
plies, and overhead. The R&D costs include depreciation, 
insofar as this information is available to respondents. 
Capital expenditures are excluded by definition in the 
surveys of industry and the universities and colleges sec- 
tor. Under the accounting practices of some Federal agen- 
cies, obligations for capital items may be included. 

For universities and colleges, R&D data are for sepa- 
rately-budgeted expenditures only. Consequently, they ex- 
clude that portion of salaries for research time or other 
research expenses financed by funds not specifically ear- 
marked for R&D that come from State and local govern- 
ments and other non-Federal sources, including 
endowments. 


performer-reporting basis 


NSF sponsors a series of surveys to collect information 
on the financial and human resources devoted to research 
and development in the various sectors of the U.S. econ- 
omy (defined above). Although these surveys are not de- 
signed specifically for this purpose, they are the primary 
source material for estimating the national R&D totals. 
Respondents indicate the amounts they spend on R&D in 


their own sector and, generally, the sources of these funds. 
To the greatest extent possible, national totals are based on 
data as reported by performers because they are in the best 
position to (1) indicate how much they spent in the actual 
conduct of R&D in a given year; (2) classify their work as 
basic, applied, etc.; and (3) identify the sector of the econ- 
omy in which their financing originated. The consistent 
use of performer reporting also reduces the possibility of 
double-counting. 

Separate R&D performance totals are reported for (1) the 
Federal Government, (2) industry, (3) universities and col- 
leges, (4) university-administered FFRDCs, and (5) other 
nonprofit organizations. R&D performed by State and 
local government agencies is not included in the national 
R&D totals. When State and local governments are listed 
by a survey respondent as the source of non-Federal R&D 
funds, those amounts are included in the source totals of 
the sector reporting the R&D 

Federal Government. Federal agency R&D obligations 
for intramural performance are treated as the equivalent 
of R&D expenditures in the National Patterns. Such intra- 
mural activities cover costs associated with the planning 
and administration by Federal personnel of intramural 
and extramural R&D programs as well as actual intramu- 
ral R&D performance. (See specifically, Federal Funds for 
Research and t: Fiscal Years 1988, 1989, and 1990 
(Federal Funds), NSF 90-306.) In general, the universe of 
Federal agencies with R&D programs has been surveyed 
annually since 1953 for their R&D performance, and since 
1963 for the distribution by character of work. The most 
recent survey included R&D funding as reported by 96 
Federal agencies. 

In addition to Federal obligation data, National Patterns 
utilizes data on Federal R&D budget authority and out- 
lays. The use of each series is clearly noted in the text. 

* Budget authority is the primary source of legal autho- 
rization to enter into obligations that will result in 
outlays. Budget authority most commonly is granted 
in the form of appropriations laws enacted by Con- 
gress with the approval of the President. (See Federal 
R&D Funding by Budget Function: Fiscal Years 1989-91 
(Budget Function), NSF 90-311.) 

¢ Obligations represent the amounts for orders placed, 
contracts awarded, services received, and similar 
transactions during a given period, regardless of 
when the funds were appropriated and when future 
payment of money is required. 

¢ Outlays represent the amounts for checks issued and 
cash payments made during a given period, regard- 
less of when the funds were appropriated or obli- 
gated. 

Industry. In general, the industry sector has been sur- 

veyed annually since 1953 for its total R&D performance, 


and since 1956 for the distribution by character of work. 
The U.S. Bureau of the Census conducts the survey for 
NSF. The target population of the survey is companies, 
whether American- or foreign-owned, that perform R&D 
in the | nited States. Anew sample is drawn and canvassed 
eve y' or6 years (for example, in 1976, 1981, and 1987). In 
the | -rvening years, a subset of the last sample—called 
a panel and including all companies reporting more than 
$1 million in R&D—is surveyed. Accordingly, data for the 
years in which a sample is not drawn do not include 
companies that are new entrants in the R&D field, and may 
be biased in a downward direction. Census, however, 
estimates the annual changes in R&D data for companies 
that report R&D in the sample year but are not included in 
the panel. As new samples are drawn, revisions to previ- 
ous estimates are issued. 

In 1988, the panel consisted of approximately 1,700 com- 
panies selected from the 1987 sample and represented an 
estimated 92 percent of total industry-performed R&D. 
Details on survey methods, coverage, concepts, defini- 
tions, and reliability of the estimates associated with the 
R&D expenditure data are contained in Research and Devel- 
opment in Industry: 1987 (Industry R&D), NSF 89-323, and 
in the forthcoming Industry R&D: 1988 report. 

A new sample was drawn for 1987, from which R&D 
data were collected for 1986 as well as 1987. Data from the 
new sample were used by Census to revise 1986 R&D 
performance estimates. The new 1986 data were also used 
by Census in combination with data from the last sample 
year, 1981, to revise estimates for the intervening years. 
NSF subsequently provided a second round of revisions to 
the 1982-85 R&D series. In both cases, the revisions were 
done on an industry basis: an effort was made to apply the 
overall 1981-86 growth rates while preserving the relative 
year-to-year movements in each industry’s R&D. This ap- 
proach resulted in major revisions of the 1982-87 industry 
R&D time series previously published in National Patterns, 


especially of the nonfederally funded component of 
industry's R&D performance. The revised totals, as well as 
the industry data reported in previous National Patterns 
(NSF 89-308), are presented in table A-1. 

[Note that although Census re-estimated 1982-86 R&D 
totals by funding source, it did not provide a character-of- 
work distribution for the revised data. After investigating 
several possible alternatives, NSF chose to allocate the 
revisions (table A-1) on the basis of average character-of- 
work distribution published in earlier annual Industry 
R&D reports. Allocations for the federally funded and 
nonfederally funded R&D revisions were applied sepa- 
rately.] 

Additionally, the procedures used by the Bureau of the 
Census for imputing character-of-work splits for 
industry's R&D performance have been changed for 1986 
and later years; hence, these data are not directly compa- 
rable to data for 1985 and earlier years. A full description 
of the various imputation methodologies—and alterna- 
tives—is presented in the forthcoming Industry R&D: 1988 
and in an accompanying Technical Report. Briefly, however, 
for 1985 and earlier, for companies that did not report 
character-of-work splits, Census imputed the splits based 
on either (1) the company’s percentage distribution re- 
ported in its most recent year of available data, or (2) in the 
absence of any prior year breakdown for the company, the 
average character-of-work split for the industry to which 
the company was assigned. For years after 1985, Census 
does not impute a company’s character-of-work distribu- 
tion unless the company has reported a breakout within 
two years of the year being imputed. When distributions 
are not imputed, Census assigns the company’s R&D to an 
“undistributed residual” category. (For example, and as 
detailed in table A-2, of the $66 billion reported industry 
1988 R&D performance with non-Federal funds, Census 
did not distribute $21 billion.) 

To provide estimates for this National Patterns, NSF dis- 


Table A-1. Revisions in industry R&D performance 
[Dollars in millions] 


Total R&D Non-federal R&D funds Federal R&D funds 
Report Revision | Totals Reported | Revision | Totals Reported | Revision Totals 
1982 | 57,995 655 58,650 39,512 593 40,105 18,483 62 18,545 
1983 | 63,403 1,865 65,268 42,861 1,727 44,588 20,542 13 820,680 
1984 | 71,470 3,330 74,800 48,308 3,096 51,404 33,162 234 23,396 
1985 | 78,269 5,970 84,239 51,439 5,604 57,043 26,830 366 27,196 
1986 | 80,631 7,548 88,179 52,848 7,084 59,932 27,783 464 28,247 
1987 | 85,500 8,617 94,117 55,500 7,306 62,806 30,000 1,311 31,311 


tributed each industry’s “undistributed residual” based on 
the average character-of-work split reported for that in- 
dustry. This approach resulted in relatively higher perfor- 
mance shares for basic and applied research than had been 
previously estimated, and relatively lower estimates for 
development’s share of industry’s total R&D performance 
(table A-2). NSF will be issuing a special Technical Report to 
explain the uncertainties in the data and to quantify their 
sensitivity to the choice of various possible imputation 
procedures. 
Universities and colleges. The university and college sec- 
tor, including all university-administered FFRDCs, has been 


Table A-2. Distribution of industry R&D 


1986 | 28,247 370 3,444 17,074 7,359 
1987 | 31,311 506 3,516 
1988 | 32,959 414 3,752 20,187 8,606 


performance by character of work 
[Dollars in millions] 
Non-federal funds 
Census imputation 
Undistri- 
Total Basic | Applied | Develop- | buted 
R&D | research | research ment residual 
1985 | 57,043 | 2,140 | 11,640 37,659 5,604 
1986 | 59,932 | 2,162 9,914 29,081 18,775 
1987 | 62,806 | 2,083 | 10,230 30,077 20,416 
1988 | 66,463 | 2,096 | 10,933 32,259 21,175 
Reported in current National Patterns 
Total Basic Applied 
R&D research | research |Development 
1985 | 57,043 2,373 12,908 41,762 
1986 | 59,932 3,496 15,082 41,354 
1987 | 62,806 3,392 15,734 43,680 
1988 | 66,463 3,355 16,599 46,509 
Federal funds 
Census imputation 
Undistri- 
Total Basic | Applied | Develop- | buted 
R&D  |research | research ment residual 
1985 | 27,196 482 5,275 21,073 366 


Total Basic Applied 

R&D research | research | Development 
1985 | 27,196 489 5,347 21,360 
1986 | 28,247 550 4,659 23,038 
1987 | 31,311 757 4,937 25,617 
1988 | 32,959 633 5,269 27,057 


surveyed annually since 1972 for R&D performance. Prior 
to 1972, the academic sector was surveyed less frequently. 
For 1988, data were collected from a full population of 556 
institutions of higher education in the United States and 
outlying areas that (1) granted a graduate degree in science 
or engineering and/or (2) performed activities for which 
at least $50,000 has been funded from separately budgeted 
R&D expenditures. For 1983 through 1987, R&D perfor- 
mance was estimated from a census of institutions that 
granted doctorates in science and engineering, plus a sam- 
ple of all other universities and 

With the exception of 1978, data on the basic research 
performance of universities and colleges and of university- 
administered FFRDCs have been collected annually since 
1972. Since 1979, however, only the combined total for 
applied research and development performance has been 
collected. Furthermore, data on the character of work from 
individual non-Federal sources of funds (i.e., industry, 
institutional funds, State and local governments, and other 
sources) are not surveyed. For the years 1979 to the present, 
the distribution of applied research and development from 
Federal sources is based largely on data from Federal Funds; 
the development split from each of the non-federal funding 
sources is estimated at 7 percent of the surveyed non-Fed- 
eral R&D funding totais; and the applied research share 
from each of the non-Federal funding sources is an esti- 
mated residual (total R&D funds, minus basic research 
funds, minus development funds). 

For the academic sector alone, R&D performance in- 
cludes research funds subcontracted to outside organiza- 
tions. For performance reported by respondents in the 
other surveyed sectors, R&D subcontracted to other orga- 
nizations is excluded. Details on survey methods, cover- 
age, concepts, definitions, and reliability of the estimates 
associated with the R&D expenditure data are contained 
in Academic Science/Engineering: R&D Funds: Fiscal Year 
1988 (Academic R&D), NSF 89-326. 

Other nonprofit institutions. It has not been possible to 
maintain the same survey frequency for other nonprofit 
institutions; the last complete survey was conducted in 
1973. Since then, small and informal surveys of this sector 
have been undertaken periodically, most recently for 1983. 
For the years 1984 to the present, estimates for federally- 
funded total R&D and character-of-work performance by 
nonprofit institutions—including associated FFRDCs— 
are derived from Federal obligation data reported in Fed- 
eral Funds. Industry as a source of R&D funds to this sector 
is estimated from the average of the annual percent change 
in (1) industry’s funding of industry-performed R&D 
(from Industry R&D) and (2) industry funding of univer- 
sity-performed R&D (from Academic R&D). Nonprofits as 
a source of R&D funds to this sector is estimated from the 
annual percent change in nonprofit funding of university- 


performed R&D (from Academic R&D). The character-of- 
work splits from the non-Federal funding sources that 
were surveyed in 1983 are carried forward to the present. 


use of time-series data 


Data presented in trend tables are assembled from the 
most recently completed survey cycles. Data for prior 
years are reviewed for consistency with current year’s 
responses and, when necessary, revised in consultation 
with survey respondents. In addition, changes in sample 
design or imputation methodologies can result in revisions 
to previously published data. (The impact from one recent 
example of such revisions is detailed in the foregoing 
industry discussion.) For trend comparisons, the reader 
therefore is strongly encouraged to use the historical data 
contained in this current report, rather than the data pub- 
lished in previous volumes of the National Patterns. 


defense-space-civilian 


classification 


Defense R&D consists of R&D spending by DOD and 
defense-related atomic energy programs of DOE. All DOD 
activities are classified as defense, although some activities 
have secondary objectives (for example, space). Space 
R&D consists of R&D spending by NASAalone. All indus- 
try-funded R&D is classified as civilian R&D, including 
expenditures by aerospace and electronic industries. 

This report contains data on (1) the estimated percentage 
distribution of total U.S. R&D performance by national 
objective (table B-13), and (2) the reported distribution of 
Federal R&D authority by budget function (table B-21), 
Federal R&D Funding by Budget Function: Fiscal Years 1989- 
91 (Budget Function), NSF 90-311. The performer-based U.S. 
shares differ from the Federal budget authority shares for 
several reasons. The U.S. shares are based on expenditures 
reported by performers, who often expend Federal R&D 
funds in a year other than the one in which the Federal 
Government provided authorization, obligations, or out- 
lays. In addiiion, the two series are based on slightly 
different concepts. For example, whereas in the U.S. series, 
all of NASA’s R&D funds are considered to be expendi- 
tures for space R&D, the budget authority data are distrib- 
uted according to the functional categories that constitute 
the Federal budget; hence, NASA’s R&D budget authori- 
zations are distributed between the space research and 
technology function and the transportation function. 


estimating procedure for 
1989 and 1990 


To the greatest extent possible, this report incorporates 
data for 1989 and 1990 R&D programs that are presented 
in the Administration’s 1991 budget proposal. For exam- 
ple, the 1991 budget contains data on total R&D outlays 
and budget authority by agency. Similar detail, however, 
is not contained in the budget for each character of work. 


‘Furthermore, the budget does not contain estimates on the 


amount of Federal R&D funds received by each of the 
R&D-performing economic sectors. This information is 
obtained from an NSF survey of Federal agencies’ R&D 
obligations, which is collected after the President’s pro- 
posed budget has been published. For this reason, some of 
the 1989 and 1990 Federal R&D data reported here are 
based on the Administration’s 1990 budget proposal. 

R&D performance totals in the National Patterns are 
estimated for each sector, by character of work, and by 
source of funds from surveys and time series extrapolation 
techniques: 

Federal Government. Estimates are based on changes in 
intramural R&D obligations reported in Federal Funds 
(NSF 90-306). Federal Funds 1989 data reflect congressional 
appropriations, apportionment, and reprogramming deci- 
sions as of the third quarter of FY 1989. For the previously 
stated reasons, the 1990 data reflect estimates for R&D 
programs contained in the Administration’s 1990 budget 
proposal. 

Industry. Estimates are based on (1) time series model- 
ing for the Federal sector as a source of funds, supple- 
mented by Federal obligations data reported in Federal 
Funds (NSF 90-306), and (2) mail/interview responses to 
an annual NSF inquiry of its Industrial Panel on Science 
and Technology, which consists primarily of R&D officials 
in the major R&D-performing industries. Responses were 
received from 72 of 83 company officials contacted from 
April through September 1989 and included 17 of the top 
20 R&D-performing companies in the United States (Na- 
tional Science Foundation, “Slow R&D Spending Growth 
Continues into 1990s,” Science Resources Studies Highlights 
(NSF 90-307), March 9, 1990). 

Universities and colleges. Estimates are based on (1) 
Federal obligations reported in Federal Funds (NSF 90-306), 
and (2) extrapolations of recent trends for each of the 
non-Federal sources. 

Other nonprofit institutions. Estimates are based on (1) 
Federal obligations reported in Federal Funds (NSF 90-306), 
and (2) extrapolations of recent trends in R&D perfor- 
mance and funding within the industry and university 
sectors, as outlined in the preceding discussion on the 


performer-reporting basis. 
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geographic distribution 


This report contains information on the State distribu- 
tion of R&D performance for 1987 (table B-16). These data 
cover R&D performance by industry, academia, Federal 
and State agencies, and the federally funded R&D activi- 
. ties of nonprofit institutions. The zero figures reported for 
some States in table B-16 represent R&D performance of 
less than $0.5 million. These State-distributed data are 
meant to be indicative of general distribution patterns; 
they are not necessarily precise. 

State-distributed data for the industry sector are col- 
lected only for odd-numbered years. Hence the latest 
available detailed data are for 1987 from Industry R&D 
(NSF 89-323). The data include R&D performance by in- 
dustry-administered FFRDCs. 

State-distributed data for Federal laboratories are intra- 
mural R&D obligations in FY 1987. These data are available 
from the 10 major R&D-supporting agencies (Federal 
Funds). 

State-distributed data for the university and college sec- 
tor are collected only for doctorate-granting institutions 
and university-administered FFRDCs (Academic R&D). 
R&D performance by an FFRDC is assigned to the State 
where the FFRDC is located, which is not necessarily the 
State in which the administering institution is located. 

State-distributed data for other nonprofit institutions 
are Federal R&D obligations to this sector in FY 1987 as 
reported by the 10 major R&D-supporting Government 
agencies (Federal Funds). These agencies provided more 
than 97 percent of total Federal R&D obligations in 1987. 
Data on R&D performance by this sector using non-Fed- 
eral sources of funds are not collected. 

State agencies’ intramural R&D performance was ob- 
tained from a special NSF survey, Research and Development 
Expenditures of State Government Agencies: Fiscal Years 1987 
and 1988 (NSF 90-309). 


human resources 


A variety of surveys and estimation techniques are used 
to gather information on the numbers and characteristics 
of persons engaged in science and engineering (S/E) activ- 
ities in all sectors of the economy. In general, two types of 
surveys are used in reporting worker inputs for R&D: 
Surveys directed at employers and surveys directed at 
individuals. 

Surveys of individuals (in this report, of scientists and 
engineers holding doctorate degrees) result in data on the 
primary work activities and demographic and economic 
characteristics of the respondents. In the survey of doctoral 
scientists and engineers, respondents are asked to report 
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their primary work activity; that is, the activity on which 
the spend the largest proportion of their time, but not 
necessarily full time. This survey is conducted only in 
odd-numbered years. Hence the latest tabulated data are 
available for 1987. Details on survey methods, coverage, 
concepts, definitions, and reliability of the estimates asso- 
ciated with S/E personnel data are contained in Character- 
istics of Doctoral Scientists and Engineers in the United States: 
1987 (NSF 88-331). 

Surveys of employers are focused on the amount of 
time-—in terms of person-years—devoted to the perfor- 
mance and management of R&D. In this report, data on 
the number of scientists and engineers—not just those 
holding doctoral degrees—employed on an FTE basis in 
R&D are summarized in table B-15. For example, if each of 
two scientists /engineers spends 50 percent of the workday 
on R&D, the equivalent is one FTE R&D job. Surveys of 
employers in the several sectors are as follows: (1) Industry 
FTE R&D manpower survey data are collected annually 
(Industry R&D). (2) For the Federal sector, survey data on 
civilian scientists and engineers are collected annually, 
Federal Scientists and Engineers (NSF 89-322); and military 
personnel data are collected—from individuals—bienni- 
ally, U.S. Scientists and Engineers (NSF 88-322). Data on 
Federal scientists and engineers are numbers of individu- 
als, not adjusted for full-time equivalence. (3) Unpub- 
lished data on full-time S/E graduate students with 
research assistantships are collected annually by NSF. (4) 
The last FTE R&D manpower survey of the academic 
sector was for 1985. (5) The last manpower survey of the 
nonprofit sector was for 1973, although a small telephone 
survey was conducted for 1983. FTE R&D scientists and 
engineers data for the academic and nonprofit sectors have 
since been based on trends in the national R&D expendi- 
tures/R&D employment ratio. 


list of supporting r&d data 
sources 


National Science Foundation, Federal Funds for Research 
and Development: Fiscal Years 1988, 1989, and 1990,NSF 90- 
306 (Washington, D.C., 1990). Detailed statistical tables 
cover R&D (and R&D plant) funding levels through Au- 
gust 1989 as reported by all Federal agencies with R&D 
programs. Includes data by agency, performer, character 
of work, geographic distribution, and field of science /en- 
gineering. 

National Science Foundation, Federal R&D Funding by 
Budget Function: Fiscal Years 1989-91, NSF 90-311 (Washing- 
ton, D.C., 1990). Provides information on Federal R&D 
budget authority by Federal budget function as proposed 
in the Administration’s 1991 budget. 


Office of Management and Budget, “Special Analysis 
J,/The Budget of the United States Government, Fiscal Year 
1990 (Washington, D.C.: Supt. of Documents, U.S. Govern- 
ment Printing Office, 1989). Provides quantitative and 
qualitative information on R&D funding as proposed in 
the Administration’s 1990 budget. 

Office of Management and Budget, The Budget of the 
United States Government, Fiscal Year 1991 (Washington, 
D.C.: Supt. of Documents, U.S. Government Printing Of- 
fice, 1990). Provides quantitative and qualitative informa- 
tion on R&D funding as proposed in the Administration's 
1991 budget. 

National Science Foundation, Research and Development 
in Industry: 1987, NSF 89-323 (Washington, D.C. 1989) and 
Research and Development in Industry: 1988 (forthcoming). 
Detailed statistical tables cover industrial R&D perfor- 
mance as reported in a sample survey of companies. Data 


include distribution by source of funds, industry classifi- 
cation, character of work, product field, geographic loca- 
tion, company size, and other tabulations. 

National Science Foundation, “Slow R&D Spending 
Growth Continues into 1990s,” Science Resources Studies 
Highlights (NSF 90-307, March 9, 1990). Brief summary of 
expected 1989 and 1990 company financing of R&D, based 
on a mail/telephone survey of major industrial R&D per- 
formers as of September 1989. 

National Science Foundation, Academic Science/Engineer- 
ing: R&D Funds: Fiscal Year 1988, NSF 89-326 (Washington, 
D.C., 1989). Detailed statistical tables cover academic R&D 
performance as reported in a survey of U.S. universities 
and university-administered FFRDCs. Data include distri- 
bution by source of funds, performing institution, charac- 
ter of work, field of science, and geographic location. 
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Table B-1. National research and development expenditures by performing sector and source of funds 1/: 1953-90 


(Dollars in millions) 


UNITED |FEDERAL INDUSTRY 3/ UNIVERSITIES & COLLEGES U&Cc OTHER NONPROFIT INSTITUTIONS 3/ 

STATES GOVT. Sources Sources FFRDCs Sources 

Total Total Total Federal Industry} Total Federal Indus- Univ.& Non- | Total Total Federal Indus- Non- 
YEAR funds used 2/| used Govt. 5/ used Govt. try Coll.5/ Prof.| used 4/| used Govt. try Profits 5/ 
1953 5,124 1,010 3,630 1,430 2,200 255 138 19 72 26 121 108 54 26 28 
1954 5,644 1,020 4,070 1,750 2,320 290 160 22 80 28 141 123 61 31 31 
1955 6,172 905 4,640 2,180 2,460 312 169 25 88 30 180 135 68 35 32 
1956 8,364 1,041 6,605 3,328 3,277 372 213 29 96 34 194 152 77 37s 38 
1957 9,775 1,220 7,731 4,335 3,396 410 229 34 109 38 240 174 86 37 51 
1958 10,711 1,374 8,389 4,759 3,630 456 254 39 121 42 293 199 99 38 62 
1959 12,357 1,639 9,618 5,635 3,983 526 306 39 134 47 338 236 127 42 67 
1960 13,520 1,723 10,509 6,081 4,428 646 405 40 149 52 360 282 166 48 68 
1961 14,320 1,878 10,908 6,240 4,668 763 500 40 165 58 410 361 226 49 86 
1962 15,392 2,096 11,464 6,435 5,029 904 613 40 185 66 470 458 295 54 109 
1963 17,059 2,279 12,630 7,270 5,360 1,081 760 41 207 73 530 539 365 55 119 
1964 18,854 2,838 13,512 7,720 5,792 1,275 917 40 235 &3 629 600 433 55 112 
1965 20,044 3,093 14,185 7,740 6,445 1,474 1,073 41 267 93 629 663 477 62 124 
1966 21,846 3,220 15,548 8,332 7,216 1,715 1,261 42 304 108 630 733 525 70 «3=6138 
1967 23,146 3,396 16,385 8,365 8,020 1,921 1,409 48 345 119 673 771 552 7% 145 
1968 24,605 3,494 17,429 8,560 8,869 2,149 1,572 55 390 §=6 132 719 814 582 81 151 
1969 25,629 3,501 18,308 8,451 9,857 2,225 1,600 60 420 145 725 870 616 93 ©1161 
1970 26, 134 4,079 18,067 7,779 10,288 2,335 1,647 61 462 165 737 916 649 9 172 
1971 26,676 4,228 18,320 7,666 10,654 2,500 1,724 70 529 177 716 912 630 98 184 
1972 28,476 4,589 19,552 8,017 11,535 2,630 1,795 7% 574 187 753 952 653 101 198 
1973 30,718 4,762 21,249 8,145 13,104 2,884 1,985 8&4 613 202 817 | 1,006 690 105 211 
1974 32,863 4,911 22,887 8,220 14,667 3,022 2,032 95 676 219 865 | 1,178 822 115 261 
1975 35,213 5,354 24,187 8,605 15,582 3,409 2,288 113 749 86259 987 | 1,276 875 125 276 
1976 39,018 5,769 26,997 9,561 17,436 3,729 2,512 123 809 285 1,147 | 1,376 925 135 316 
1977 42,783 6,012 29,825 10,485 19,340 4,067 2,726 139 888 314 1,384 | 1,495 987 150 358 
1978 48,128 6,810 33,304 11,189 22,115 4,625 3,059 170 1,037 359 1,717 | 1,672 1,100 165 407 
1979 54,926 7,418 38,226 12,518 25,708 5,353 3,595 195 1,198 365 1,935 | 1,994 1,350 180 464 
1980 62,582 7,632 44,505 14,029 30,476 6,049 4,095 238 1,316 400 2,246 | 2,150 1,450 200 500 
1981 71,851 8,426 51,810 16,382 35,428 6,829 4,561 294 1,540 434 2,486 | 2,300 1,550 225 525 
1982 80,001 9,141 58,650 18,545 40,105 7,306 4,759 339 1,719 489 2,479 | 2,425 1,650 250 525 
1983 89,126 | 10,582 65,268 20,680 44,588 7,864 4,980 389 1,918 577 2,737 | 2,675 1,850 275 550 
1984 101,116 | 11,572 74,800 23,396 51,404 8,594 5,417 474 2,091 612 3,150 | 3,000 2,100 325 575 
1985 113,745 | 12,945 84,239 27,196 57,043 9,663 6,056 561 2,356 690 3,523 | 3,375 2,350 375 650 
1986 119,863 | 13,535 88,179 28,247 59,932 | 10,906 6,702 717 2,772 713 3,895 | 3,350 2,250 425 675 
1987 127,316 | 13,413 94,117 31,311 62,806 | 12,080 7,328 807 3,135 810 4,206 | 3,500 2,250 475 775 
1988 135,231 | 14,281 99,422 32,959 66,463 | 13,422 8,165 892 3,437 928 4,531 | 3,575 2,200 500 875 
1989 142,000 | 15,800 | 103,000 34,200 68,800 | 14,450 8,600 1,000 3,850 1,000 4,850 | 3,900 2,400 550 950 
1990 150,000 | 16,700 | 108,150 35,650 72,500 | 15,800 9,200 1,150 4,300 1,150 5,250 | 4,100 2,400 600 1,100 


1/ Data based on annual reports by performers except for the nonprofit sector which, since 1973, have been estimated based 
on a survey conducted in that year. Data are preliminary for 1989 and estimated for 1990. 

2/ Total funds used by Federal Government from Federal sources. 

3/ Expenditures for federally funded research and development centers (FFRDCs) administered by industry and nonprofit 
institutions are included in the totals of the respective sectors. 

4/ FFRDCs administered by individual universities and and colleges and by university consortia. In 1988, 99 percent of 
total funds used was from Federal sources. 

5/ Includes State and local government funds. 


NOTE: For 1986, industry performance with Federal as a source of funds is $356 millio .« chan the amounts reported above. 
As as result, total U.S. R&D expenditures for 1986 are equal to $120,219 million. (see General Notes in this report.) 


SOURCE: National Science Foundation, SRS. Incorporates data available to SRS as of April 26, 1990. 


Table B-2. National basic research expenditures by performing sector and source of funds 1/: 1953-90 


(Dollars in millions) 


UNITED |FEDERAL INDUSTRY 3/ UNIVERSITIES & COLLEGES U&C OTHER NONPROFIT INSTITUTIONS 3/ 

STATES GOVT. Sources 7/ Sources 5/ FFRDCs Sources 

Total Total Total Federal Industry] Total Federal Indus- Univ.& WNon- | Total Total Federal Indus- Non- 
YEAR funds used 2/| used Govt. 6/ used Govt. try Coll.6/ Prof.| used 4// used Govt. try Profits 6/ 
1953 441 101 151 19 132 110 73 12 10 15 33 46 35 9 12 
1954 496 102 166 23 143 136 90 14 15 17 39 53 29 11 13 
1955 547 90 189 27 162 159 103 16 21 19 49 60 33 13 14 
1956 680 105 253 37 216 200 130 18 30 22 51 71 39 15 17 
1957 780 122 271 41 230 240 155 21 39 235 65 82 44 15 23 
1958 877 126 295 43 252 281 178 24 50 29 78 97 53 16 28 
1959 1,039 172 320 72 248 343 226 24 60 33 92 112 64 18 30 
1960 1,194 157 376 79 297 433 299 24 72 38 97 131 80 21 30 
1961 1,405 210 395 81 314 536 332 25 85 44 115 149 90 22 37 
1962 1,722 249 488 143 345 659 481 25 102 51 136 190 120 24 46 
1963 1,965 255 522 147 375 814 610 25 121 58 159 215 140 235 50 
1964 2,289 314 549 165 384 1,003 768 24 144 67 191 232 160 25 47 
1965 2,555 364 592 186 406 1,138 879 26 164 69 208 253 172 29 52 
1966 2,814 385 624 173 451 1,303 1,008 27 197 71 227 275 185 32 58 
1967 3,056 435 629 202 427 1,457 1,124 31 223 79 250 285 190 34 61 
1968 3,297 432 642 180 462 1,650 1,251 36 276 87 276 297 197 37 63 
1969 3,441 532 618 160 458 1,711 1,279 39 298 95 275 305 195 43 67 
1970 3,531 559 602 158 444 1,796 1,296 40 350 110 269 305 189 44 72 
1971 3,652 566 590 134 456 1,914 1,349 46 400 119 260 322 200 45 77 
1972 3,801 597 593 130 463 2,022 1,420 53 415 134 244 345 214 47 8&4 
1973 3,945 608 631 132 499 2,053 1,454 57 408 134 296 357 218 49 90 
1974 4,343 696 699 163 536 2,153 1,523 60 431 139 390 405 245 54 106 
1975 4,738 734 730 157 573 2,410 1,694 72 478 166 439 425 245 60 120 
1976 5,130 786 819 185 634 2,549 1,841 71 475 162 512 464 265 6&4 «135 
1977 5,735 914 911 210 701 2,800 2,007 79 527 187 600 510 290 70 =6150 
1978 6,692 1,029 1,035 250 785 3,176 2,264 99 605 208 867 585 335 80 170 
1979 7,548 1,089 1,158 265 893 3,606 2,568 115 707 216 1,015 680 400 85 195 
1980 8,410 1,182 1,325 290 1,035 4,019 2,852 142 78 239 1,124 760 450 9 215 
1981 9,580 1,302 1,614 301 1,313 4,578 3,249 172 903 254 1,261 825 495 105 225 
1982 10,415 1,465 1,904 381 1,523 4,864 3,392 196 993 283 1,317 865 535 115 215 
1983 11,618 1,690 2,223 463 1,760 5,288 3,538 236 1,164 350 1,472 945 600 125 220 
1984 12,883 1,861 2,608 476 §=2,132 5,709 3,816 282 1,246 365 1,675 | 1,030 650 150 230 
1985 14,178 1,923 2,862 489 2,373 6,539 4,341 342 1,436 420 1,749 | 1,105 675 170 260 
1986 16,570 2,019 4,046 550 3,496 7,476 4,866 445 1,722 443 1,859 | 1,170 700 200 270 
1987 17,780 2,046 4,149 757 3,392 8,343 5,372 505 1,960 506 2,012 | 1,230 700 220 310 
1988 18,460 2,050 3,988 633 3,355 8,870 5,661 544 2,099 566 2,222 | 1,330 750 230 350 
1989 19,880 2,350 4,050 650 3,400 9,600 6,000 615 2,370 615 2,450 | 1,430 800 250 380 
1990 21,490 2,400 4,200 700 3,500 | 10,570 6,550 700 2,620 700 2,750 | 1,570 850 280 440 


1/ Data based on annual reports by performers except for the nonprofit sector which, since 1973, have been estimated based 
on a survey conducted in that year. Data for all sectors are preliminary for 1989 and estimated for 1990. 

2/ Total funds used by Federal Government from Federal sources. 

3/ Expenditures for federally funded research and development centers (FFRDCs) administered by industry and nonprofit 
institutions are included in the totals of the respective sectors. 

4/ FFRDCs administered by individual universities and and colleges and by university consortia. 

5/ Distribution by non-Federal sources has been estimated for all years. 

6/ Includes State and local government funds. 

7/ imputation procedure changed for 1986 and later years. These data may not be comparable to data for 1985 and earlier. 


SOURCE: National Science Foundation, SRS. Incorporates data available to SRS as of April 26, 1990. 


Table B-3. 


(Dollars in millions) 


National applied research expenditures by performing sector and source of funds 1/: 1953-90 


UNITED | FEDERAL INDUSTRY 3/ UNIVERSITIES & COLLEGES uéc OTHER NONPROFIT INSTITUTIONS 3/ 

STATES GOVT. Sources 7/ Sources 5/ FFROCs Sources 

Total Total Total Federal Industry] Total Federal Indus- Univ.& Won- | Total Total Federal Indus- Non- 
YEAR funds used 2/| used Govt. 6/ used Govt. try Coll.6/ Prof.| used 4/| used Govt. try Profits 6/ 
1953 1,279 345 726 288 438 130 57 6 57 10 44 34 13 11 10 
1954 1,390 349 814 322 492 137 61 7 59 10 51 39 15 13 11 
1955 1,481 310 928 368 560 136 58 8 60 10 65 42 17 14 11 
1956 1,889 356 1,268 474 794 147 68 9 59 11 71 47 19 14 14 
1957 2,374 417 1,670 678 992 145 62 11 61 11 8 56 22 14 20 
1958 2,699 474 1,911 774 1,137 148 64 12 61 11 102 64 25 14 235 
1959 2,900 558 1,991 813 1,178 155 67 12 os 12 119 77 35 15 27 
1960 3,020 595 2,029 833 1,196 179 8&8 13 66 12 122 95 50 17 2 
1961 3,065 634 1,977 812 1,165 192 98 13 69 12 135 127 75 17) «(635 
1962 3,665 702 2,449 1,011 1,438 205 109 13 70 13 155 154 90 19 45 
1963 3,742 715 2,457 1,007 1,450 227 128 14 72 13 170 173 105 19 49 
1964 4,128 903 2,600 1,040 1,560 232 127 14 77 14 202 191 125 19 47 
1965 4,339 990 2,658 1,038 1,620 279 157 13 88 21 24 208 135 21 52 
1966 4,601 997 2,843 1,039 1,804 328 194 13 89 32 2\7 226 145 24 57 
1967 4,780 1,027 2,915 1,066 1,849 374 222 15 102 35 219 245 160 25 60 
1968 5,130 1,110 3,124 1,043 2,081 403 253 16 97 37 231 262 172 2 862 
1969 5,315 1,113 3,287 1,015 2,272 407 246 16 105 40 210 298 200 32 66 
1970 5,738 1,345 3,427 1,049 2,378 427 267 16 9 45 216 323 220 33 70 
1971 5,759 1,322 3,415 974 2,441 474 292 19 115 48 210 338 230 34 7% 
1972 6,011 1,387 3,514 92 2,562 524 320 18 140 46 221 365 251 35 79 
1973 6,598 1,480 3,825 993 2,832 713 461 23 172 57 227 353 234 36 83 
1974 7,189 1,574 4,288 1,025 3,263 736 438 29 203 66 178 413 280 40 93 
1975 7,812 1,730 4,570 1,130 3,440 851 516 34 226 77 213 448 300 43 105 
1976 8,983 2,093 5,112 1,200 3,912 1,016 58 43 282 107 264 498 330 48 120 
1977 9,651 2,044 5,636 1,325 4,311 1,067 607 46 303 s«111 371 533 345 53 135 
1978 10,725 2,191 6,300 1,430 4,870 1,213 673 56 354 130 431 590 385 55 150 
1979 12,268 2,392 7,225 1,555 5,670 1,473 877 66 407 123 468 710 480 60 170 
1980 13,855 2,484 8,450 1,900 6,550 1,693 1,043 79 438 133 503 725 480 65 180 
1981 16,607 2,732 10,699 2,340 8,359 1,867 1,087 101 529 150 529 780 515 75 «6190 
1982 18,512 2,729 12,323 2,960 9,363 2,039 1,142 119 606 172 606 815 540 85 190 
1983 20,698 3,020 13,927 3,641 10,286 2,150 1,217 126 620 187 726 875 580 9 200 
1984 22,850 2,903 15,765 4,226 11,561 2,463 1,401 159 699 204 804 915 600 110 205 
1985 25,830 3,133 18,255 5,347 12,908 2,672 1,515 180 755 222 835 935 575 130 230 
1986 27,550 3,141 19,741 4,659 15,082 2,909 1,611 222 856 220 77% 985 600 140 245 
1987 28,976 3,392 20,671 4,937 15,734 3,155 1,706 266 96 267 693 | 1,065 625 160 280 
1988 30,897 3,288 21,868 5,269 16,599 3,909 2,229 286 1,097 297 697 | 1,135 650 170 315 
1989 32,290 3,550 22,700 5,500 17,200 4,440 2,300 315 1,210 315 720 | 1,180 650 190 340 
1990 33, 3,550 23,800 5,700 18,100 4,445 2,325 370 1,380 370 740 | 1,250 200 400 


1/ Data based on annuel reports by performers except for the nonprofit sector which, 


on a survey conducted in that year. Date for all secors ere preliminary for 1989 and estimated for 1990. 


2/ Total funds used by Federal Government from Federal sources. 
3/ Expenditures for federally funded research and development centers (FFRDCs) edministered by industry and nonprofit 
institutions are included in the totals of the respective sectors. 
4/ FFROCs administered by individual universities and and colleges and by university consortia. 
estimated since 1978. 
5/ Applied research totals have been estimated since 1978. Distribution by non-Federal sources has been estimated 


for all years. 


6/ Inéludes Stete and local government funds. 


7/ imputation procedure changed for 1986 and later years. 


SOURCE: Wationel Science Foundation, SRS. 


since 1973, have been estimated based 


Date have been 


These date may not be comperable to date for 1985 and earlier. 


Incorporates date available to SRS as of April 26, 1990. 


Table B-4. National development expenditures by performing sector and source of funds 1/: 1953-90 
(Dollars in millions) 

UNITED |FEDERAL INDUSTRY 3/ UNIVERSITIES & COLLEGES uaéc OTHER NONPROFIT INSTITUTIONS 3/ 

STATES GOVT. Sources 7/ Sources 5/ FFRDCs Sources 

Total Total Total Federal Industry] Total Federal Indus- Univ.& WNon- | Total Total Federal Indus- WNon- 
YEAR funds used 2/| used Govt. 6/ used Govt. try Coll.6/ Prof.| used 4/| used Govt. try Profits 6/ 
1953 3,404 564 2,753 1,123 1,630 15 8 1 5 1 44 28 16 6 6 
1954 3,758 569 3,090 1,405 1,685 17 9 1 6 1 51 31 17 7 7 
1955 4,144 505 3,523 1,78 1,738 17 8 1 7 1 66 33 18 8 7 
1956 5,795 580 5,084 2,817 2,267 25 15 2 7 1 72 34 19 8 7 
1957 6,621 681 5,790 3,616 2,174 25 12 2 9 2 89 36 20 8 8 
1958 7,135 774 6,183 3,942 2,261 27 12 3 10 2 113 38 21 8 9 
1959 8,418 909 7,307 4,750 2,557 28 13 3 10 2 127 47 28 9 10 
1960 9,306 971 8,106 5,169 2,935 34 18 3 11 2 141 56 36 10 10 
1961 9,850 1,034 8,536 5,347 3,189 35 20 2 11 2 160 85 61 10 14 
1962 10,005 1,145 8,527 5,281 3,246 40 23 2 13 2 179 114 &5 11 18 
1963 11,352 1,309 9,651 6,116 3,535 40 22 2 14 2 201 151 120 11 20 
1964 12,437 1,621 10,363 6,515 3,848 40 22 2 14 2 236 177 148 11 18 
1965 13,150 1,739 10,935 6,516 4,419 57 37 2 15 3 217 202 170 12 20 
1966 14,431 1,838 12,081 7,120 4,961 84 59 2 18 5 196 232 195 14 23 
1967 15,310 1,934 12,841 7,097 5,744 90 63 2 20 5 204 241 202 15 24 
1968 16,178 1,952 13,663 7,337 6,326 96 68 3 17 8 212 255 213 16 26 
1969 16,873 1,856 14,403 7,276 7,127 107 75 5 17 10 240 267 3s 221 18 28 
1970 16,865 2,175 14,038 6,572 7,466 112 & 5 13 10 252 288 240 18 30 
1971 17,265 2,340 14,315 6,558 7,757 112 8&3 5 14 10 246 252 200 19 33 
1972 18,664 2,605 15,445 6,935 8,510 84 55 3 19 7 288 242 188 19 35 
1973 20,175 2,674 16,793 7,020 9,773 118 70 4 33 11 294 296 238 20 38 
1974 21,331 2,641 17,900 7,032 10,868 133 71 6 42 14 297 360 297 21 42 
1975 22,663 2,890 18,887 7,318 11,569 148 78 7 47 16 335 403 330 22 51 
1976 24,905 2,890 21,066 8,176 12,890 164 87 9 52 16 371 414 330 23 61 
1977 27,397 3,054 23,278 8,950 14,328 200 112 14 58 16 413 452 352 27 73 
1978 30,711 3,590 25,969 9,509 16,460 236 122 15 7% #821 419 497 380 30 87 
1979 35,110 3,937 29,843 10,698 19,145 274 150 14 & 26 452 604 470 35 2 
1980 40,317 3,966 34,730 11,839 22,891 337 200 17 92 28 619 665 520 40 105 
1981 45,664 4,392 39,497 13,741 25,756 384 225 21 108 30 696 695 540 45 110 
1982 51,074 4,967 44,423 15,204 29,219 403 225 24 120 34 556 745 575 50 120 
1983 56,810 5,872 49,118 16,576 32,542 426 225 27 134 40 539 855 670 55 130 
1984 65,383 6,808 56,427 18,696 37,731 422 200 33 46 8 43 671 | 1,055 850 65 140 
1985 73,737 7,889 63,122 21,360 41,762 452 200 39 165 48 939 | 1,335 1,100 75 160 
1986 75,743 8,375 64,392 23,038 41,354 519 225 50 194 50 1,262 | 1,195 950 8S 160 
1987 80,560 7,975 69,297 25,617 43,680 582 250 56 219 #8657 1,501 | 1,205 925 9 185 
1988 85,874 8,943 73,566 27,057 46,509 643 275 62 241 65 1,612 | 1,110 800 100 210 
1989 89,830 9,900 76,250 28,050 48,200 710 300 70 270 70 1,680 | 1,290 950 110 230 
1990 94,725 | 10,750 80,150 29,250 50,900 785 325 80 300 = 80 1,760 | 1,280 900 120 260 


1/ Data based on annual reports by performers except for the nonprofit sector which, since 1973, have been estimated based 


on a survey conducted in that year. Data for all sectors ere preliminary for 1989 and estimated for 1990. 


2/ Total funds used by Federal Government from Federal sources. 


3/ Expenditures for federally funded research and development centers (FFRDCs) administered by industry and nonprofit 
institutions are included in the totals of the respective sectors. 


4/ FFROCs administered by individual universities and and colleges end by university consortia. 
estimated since 1978. 


5/ Development totals have been estimated since 1978. 


6/ Includes State and local government funds. 
7/ Imputation procedure changed for 1986 and later years. 


Incorporates data available to SRS as of April 26, 1990. 


SOURCE : 


National Science Foundation, SRS. 


Data have been 
Distribution by non-Federal sources has been estimated for all years. 
These date may not be comparable to data for 1985 and earlier. 


Table 8-5. 


(Dollars in millions) 


Sources of funds for research and development by sector: 1953-90 


Current Dollars 
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1/ Based on GNP implicit price deflator. 


National Science Foundation, SRS. 


Incorporates data available to SRS as of April 26, 1990. 
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Research and development performance by sector: 1953-90 


Table 8-6. 


(Dollars in millions) 


Real (1982) Dollars 1/ 
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1/ Based on GNP implicit price deflator. 


Incorporates date available to SRS as of April 26, 1990. 


SOURCE: National Science Foundation, SRS. 


Table 8-7. Souries of funds for basic research by sector: 1953-90 
(Dollars in millions) 
Current Dollars Real (1982) Dollars 1/ 
UNITED FEDERAL UNIV. & OTHER UNITED FEDERAL UNIV. & OTHER 
YEAR STATES GOVT. INDUSTRY | COLLEGES |WONPROFIT STATES GOVT. INDUSTRY | COLLEGES [NONPROFIT 
1953 441 251 153 10 27 1,695 962 591 38 104 
1954 496 283 168 15 30 1,883 1,074 639 57 114 
1955 547 302 191 21 33 2,020 1,117 704 78 122 
1956 680 362 249 30 39 2,429 1,295 887 107 139 
1957 780 427 266 39 48 2,688 1,473 915 135 165 
1958 877 478 292 50 57 2,950 1,607 984 168 192 
1959 1,039 626 290 60 63 3,413 2,057 953 197 207 
1960 1,194 712 342 72 68 3,847 2,292 1,105 231 219 
1961 1,405 878 361 85 81 4,480 2,796 1,155 270 258 
1962 1,722 1,129 394 102 97 5,386 3,530 1,233 319 303 
1963 1,965 1,311 425 121 108 6,043 4,028 1,311 371 332 
1964 2,289 1,598 433 144 114 6,935 4,839 1,315 436 345 
1965 2,555 1,809 461 164 121 7,568 5,359 1,365 486 358 
1966 2,814 1,978 510 197 129 8,084 5,687 1,459 567 370 
1967 3,056 2,201 492 223 140 8,505 6,126 1,369 621 390 
1968 3,297 2,336 535 276 150 8,829 6,267 1,419 742 401 
1969 3,441 2,441 540 298 162 8,744 6,214 1,359 760 411 
1970 3,531 2,471 528 350 182 8,483 5,946 1,257 844 436 
1971 3,652 2,509 547 400 196 8,331 5,734 1,234 916 446 
1972 3,801 2,605 563 415 218 8,233 5,649 1,212 901 472 
1973 3,945 2,708 605 408 224 8,110 5,583 1,224 844 459 
1974 4,343 3,017 650 431 245 8,256 5,758 1,208 826 463 
1975 4,738 3,269 705 478 286 8,176 5,662 1,192 831 491 
1976 5,130 3,589 769 475 297 8,231 5,770 1,221 765 475 
1977 5,735 4,021 850 527 337 8,548 5,996 1,264 786 502 
1978 6,692 4,745 964 605 378 9,315 6,610 1,336 844 525 
1979 7,548 5,337 1,093 707 411 9,670 6,844 1,392 908 525 
19806 8,410 5,896 1,272 786 454 9,896 6,950 1,486 928 533 
1981 9,580 6,608 1,590 903 479 10,257 7,083 1,694 969 512 
1982 10,415 7,090 1,834 993 498 10,415 7,090 1,834 993 498 
1983 11,618 7,763 2,121 1, 164 570 11,157 7,451 2,041 1,117 548 
1984 12,883 8,478 2,554 1,246 595 11,922 7,841 2,379 1,152 551 
1985 14,178 9,177 2,885 1,436 680 12,731 8,234 2,599 1,288 611 
1986 16,570 9, 9% 4,141 1,722 713 14,498 8,734 3,636 1,504 624 
1987 17,780 10,887 4,117 1,960 816 15,091 9,232 3,505 1,661 693 
1988 18,460 11,316 4,129 2,099 916 15,193 9,309 3,403 1,726 754 
1989 19,880 12,250 4,265 2,370 995 15,678 9,658 3,367 1,868 785 
19906 21,490 13,250 4,480 2,620 1,140 16,255 10,019 3,393 1,980 863 


1/ Based on GNP implicit price deflator. 
SOURCE: National Science Foundation, SRS. Incorporates data available to SRS as of April 26, 1990. 
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1/ Based on GNP implicit price deflator. 


YEAR 
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1954 
1955 
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1962 
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1969 
1970 
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1976 
1977 
1978 
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1984 
1985 
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Table 8-9. Sources of funds for applied research by sector: 1953-90 


(Dollars in millions) 


Current Dollars 


Real (1982) Dollars 1/ 
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Table B-10. Applied research performance by sector: 1953-90 


(Dollars in millions) 


Current Dollars Real (1982) Dollars 1/ 

UNITED FEDERAL UNIV. & U&c OTHER UNITED FEDERAL UNIV. & U&C OTHER 
YEAR STATES GOVT. INDUSTRY |COLLEGES | FFRDCs |NONPROFIT STATES GOVT. INDUSTRY {COLLEGES | FFRDCs |NONPROFIT 
1953 1,279 345 130 44 34 4,922 1,321 2,804 498 168 131 
1954 1,390 349 814 137 51 39 5,280 1,324 3,095 520 193 148 
1955 1,481 310 928 136 65 42 5,464 1,148 3,418 503 241 155 
1956 1,889 356 1,268 147 71 47 6,740 1,275 4,517 526 254 167 
1957 2,374 417 1,670 145 86 56 8,173 1,440 5,743 501 297 193 
1958 2,699 474 1,911 148 102 64 9,089 1,592 6,441 497 343 216 
1959 2,900 558 1,991 155 119 77 9,527 1,833 6,541 509 391 253 
1960 3,020 595 2,029 179 122 95 9,743 1,913 6,556 575 392 307 
1961 3,065 634 1,977 192 135 127 9,792 2,017 6,328 611 429 407 
1962 3,665 702 2,449 205 155 154 11,469 2,194 7,668 641 484 482 
1963 3,742 715 2,457 227 170 173 11,530 2,194 7,583 697 522 534 
1964 4,128 903 2,600 232 202 191 12,521 2,732 7,896 702 611 580 
1965 4,339 990 2,658 279 204 208 12,849 2,933 7,869 827 604 616 
1966 4,601 997 2,843 328 207 226 13, 188 2,870 8,132 944 596 646 
1967 4,780 1,027 2,915 374 219 245 13,302 2,859 8,111 1,041 610 682 
1968 5,130 1,110 3,124 403 231 262 13,664 2,985 8,280 1,084 621 694 
1969 5,315 1,113 3,287 407 210 298 13,426 2,840 8,263 1,038 536 749 
1970 5,738 1,345 3,427 427 216 323 13,714 3,242 8,154 1,029 521 768 
1971 5,759 1,322 3,415 474 210 338 13,051 3,028 7,695 1,086 481 762 
1972 6,011 1,387 3,514 524 221 365 12,972 3,011 7,559 1,138 480 785 
1973 6,598 1,480 3,825 713 227 353, 13,439 3,061 7,721 1,475 469 713 
1974 7,189 1,574 4,288 736 178 413 13,482 3,018 7,947 1,411 341 765 
1975 7,812 1,730 4,570 851 213 448 13,318 3,007 7,705 1,479 370 755 
1976 8,983 2,093 5,112 1,016 264 498 14,328 3,371 8,105 1,637 425 790 
1977 9,651 2,044 5,636 1,067 371 533 14,364 3,049 8,377 1,592 553 792 
1978 10,725 2,191 6,300 1,213 431 590 14,888 3,055 8,723 1,691 601 817 
1979 12,268 2,392 7,225 1,473 468 710 15,662 3,071 9,196 1,891 601 904 
1980 13,855 2,484 8,450 1,693 503 725 16,226 2,931 9,858 1,998 594 846 
1981 16,607 2,732 10,699 1,867 529 780 17,719 2,931 11,387 2,003 568 830 
1982 18,512 2,729 12,323 2,039 606 815 18,512 2,729 12,323 2,039 606 815 
1983 20,698 3,020 13,927 2,150 726 875 19,908 2,897 13,409 2,063 697 842 
1984 22,850 2,903 15,765 2,463 804 915 21, 186 2,683 14,634 2,277 743 849 
1985 25 ,830 3,133 18,255 2,672 835 935 23,249 2,809 16,453 2,396 749 843 
1986 27,550 3,141 19,741 2,909 774 985 24,169 2,743 17,344 2,540 676 865 
1987 28,976 3,392 20,671 3,155 693 1,065 24,650 2,874 17,607 2,674 587 907 
1988 30,897 3,288 21,868 3,909 697 1,135 25,459 2,704 18,031 3,215 573 936 
1989 32,290 3,550 22,700 4,140 720 1,180 25,486 2,798 17,925 3,263 568 932 
1990 33,785 3,550 23,800 4,445 740 1,250 25,584 2,683 18,034 3,360 559 947 


SCORER EOE EEE EEE EEE EEE EEE EEE EERE EEE EE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE EEE SESE EEEEEE EEE EEE HEEH EEE EEE EEE EEE EEHEEEEHREEEEOEE 


1/ Based on GNP implicit price deflator. 
SOURCE: National Science Foundation, SRS. Incorporates data available to SRS as of April 26, 1990. 
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Table B-11. 


Sources of funds for development by sector: 1953-90 


(Dollars in millions) 


Current Dollars 
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1/ Based on GNP implicit price deflator. 


National Science Foundation, SRS. 


Incorporates data available to SRS as of April 26, 1990. 


Table B-12. Development performance by sector: 1953-90 


(Dollars in millions) 


Current Dollars Real (1982) Dollars 1/ 

UNITED FEDERAL UNIV. & U&C OTHER UNITED FEDERAL UNIV. & Ua&C OTHER 
YEAR STATES GOVT. [INDUSTRY |COLLEGES | FFRDCs |NONPROFIT STATES GOVT. |INDUSTRY {COLLEGES | FFRDCs |NONPROFIT 
1953 3,404 564 2,753 15 44 28 13,126 2,159 10,633 57 168 108 
1954 3,758 569 3,090 17 51 31 14,283 2,158 11,749 64 193 118 
1955 4,144 505 3,523 17 66 33 15,274 1,869 12,976 63 244 122 
1956 5,795 580 5,084 25 72 34 20,657 2,077 18,112 90 258 121 
1957 6,621 681 5,790 25 89 36 22,780 2,352 19,911 86 307 124 
1958 7,135 774 6,183 27 113 38 24,038 2,600 20,839 91 380 128 
1959 8,418 909 7,307 28 127 47 27,655 2,986 24,005 92 417 154 
1960 9,306 971 8,104 % 141 56 30,049 3,122 26, 184 109 453 181 
1961 9,850 1,034 8,536 35 160 85 31,505 3,289 27,324 111 509 272 
1962 10,005 1,145 8,527 40 179 114 31,317 3,578 26,697 125 559 357 
1963 11,352 1,309 9,651 40 201 151 35,010 4,017 29, 787 123 617 466 
1964 12,437 1,621 10,363 40 236 177 37,747 4,905 31,470 121 714 538 
1965 13,150 1,739 10,935 57 217 202 38,934 5,153 32,371 169 643 598 
1966 14,431 1,838 12,081 & 196 232 41,317 5,291 34,557 242 564 664 
1967 15,310 1,934 12,841 90 204 241 42,601 5,383 35,729 251 568 671 
1968 16,178 1,952 13,663 98 212 255 42,965 5,249 36,213 258 570 676 
1969 16,873 1,856 14,403 107 240 267 42,498 4,735 36,207 273 612 671 
1970 16,865 2,175 14,038 112 252 288 40,206 5,243 33,400 270 607 685 
1971 17,265 2,340 14,315 112 246 252 39,003 5,359 32,256 257 563 568 
1972 18,664 2,605 15,445 8&4 288 242 40,206 5,656 33,222 182 625 521 
1973 20,175 2,674 16,793 118 294 296 40,878 5,531 33,898 244 608 597 
1974 21,331 2,641 17,900 133 297 360 39,728 5,064 33,173 255 569 667 
1975 22,663 2,890 18,887 148 335 403 38,388 5,024 31,845 257 582 679 
1976 24,905 2,890 21,066 164 371 414 39,574 4,655 33,401 264 598 656 
1977 27,397 3,054 23,278 200 413 452 40,741 4,556 34,599 298 616 672 
1978 30,711 3,590 25,969 236 419 497 42,565 5,006 35,958 329 584 688 
1979 35,110 3,937 29,843 276 452 604 44,738 5,054 37,983 352 580 769 
1980 40,317 3,966 34,730 337 619 665 47,100 4,680 40,516 398 730 776 
1981 45 ,664 4,392 39,497 384 696 695 48,647 4,712 42,036 412 747 760 
1982 51,074 4,947 44,423 403 556 745 51,074 4,947 44,423 403 556 745 
1983 56,810 5,872 49,118 426 539 855 54,675 5,634 47,293 409 517 823 
1984 65,383 6,808 56,427 422 671 1,055 60,660 6,293 52,378 390 620 979 
1985 73,737 7,889 63,122 452 939 1,335 66,416 7,073 56,892 405 842 1,203 
1986 75,743 8,375 64,392 519 1,262 1,195 66,493 7,314 56,574 453 1,102 1,050 
1987 80,560 7,975 69,297 582 1,501 1,205 68,576 6,758 59,026 493 1,272 1,026 
1988 85 ,874 8,943 73 ,566 643 1,612 1,110 70, 782 7,355 60,658 529 1,326 915 
1989 89,830 9,900 76,250 710 1,680 1,290 70,916 7,804 60,210 560 1,324 1,019 
1990 94,725 10,750 80,150 785 1,760 1,280 71,753 8,126 60, 734 593 1,330 970 


1/ Based on GNP implicit price deflator. 
SOURCE: National Science Foundation, SRS. Incorporates data available to SRS as of April 26, 1990. 


Table B-13. Trends in Federal and non-Federal R&D outlays: Table 8-14. National expenditures for 


1953-90 performance of R&D as a percent of 
(percent) gross national product (GNP) by source: 
1953-90 

| Federal | (percent) 

| ssceeeecensnereeevcscnsssensesearsnnees | 

| | Defense | Space | Civilian | Won- | | Non- 
Year | Total | related | related | related | Federal Year | Total | Federal Federal 
sone soeee | coveres J reeeee | vreenes J covenes wees fp seves | cevenee  voesess 
1953 | 54% | 48x | x | 5% | 46% 193 | 1.38% | 0.74% 0.64% 
1954 | 55 | 49 | 1 | 6 {| 4 1954 | 1.52 | 0.84 0.67 
1955 | 57 | 4 | 1 | 8 | 4 195 | 1.52 | 0.86 0.66 
1956 | 58 | 49 | 1 | 8 | 42 1956 | 1.9 | 1.13 0.82 
1957 | 6 | 53 | 1 | 9 | 37 1957 | 2.17 | 1.35 0.81 
1958 | 6 | 53 | 1 | 10 | 3w7 1958 | 2.34 | 1.48 0.86 
1959 | 65 | 54 | 3 | 8 | 3 1999 | 2.49 | 1.62 0.87 
1960 | 6 | 52 | 3 | 9 | 3s 1960 | 2.62 | 1.70 0.93 
1961 | 65 | 50 | 6 | 9 ; 3 1961 | 2.68 | 1.73 0.95 
1962 | 64 | 48 | 7 | 9 | % 1962 | 2.68 | 1.72 0.95 
1963 | 6 6«| = OCG! |} 1% } 11 | & 1963 | 2.81 | 1.85 0.96 
1964 | 6 =| ($37 |} 119 | 9 | & 1964 | 2.90 | 1.93 0.97 
1965 | 6 | 33 } 21 } 11 | 3s 1995 | 2.8 | 1.85 1.00 
1966 | 6& | 33 |} 19 | 12 | 3% 196 | 2.8 | 1.81 1.02 
1967 | 62 | 35 |} 14 } 3 | 38 1967 | 2.8 | 1.76 1.07 
1968 | 61 | 35 |} 13 | | »# 19%8 | 2.76 | 1.67 1.08 
1969 | 58 6 |lClCUG } 11 |} 13 | 42 1969 | 2.66 | 1.54 1.11 
1970 | 57 | 33 |} 10 |} 1% | 4 1970 | 2.57 | 1.47 1.11 
1971 | S606 6|)0C C32 | 9 } 15 |} «% 1971 | 2.42 | 1.36 1.06 
1972 | 56 | 32 | 9 } 15 | &% 1972 | 2.35 | 1.30 1.04 
1973 | 53 | 30 | 8 } 15 | 47 1973 | 2.26 | 1.21 1.05 
1974 | 51 | 30 | 7 | 1% |} & 197% | 2.23 | 1.14 1.09 
1975 | 51 | 2 | 8 } 15 |} & 1975 | 2.20 | 1.13 1.07 
1976 | 51 | 2 | 8 | 16 } & 1976 | 2.19 | 1.12 1.07 
1977 | 50 | 2 | 7 | 1 | 50 1977 | 2.15 | 1.08 1.06 
1978 | 50 | 27 | 6 | 7 | 50 19778 | 2.14 | 1.06 1.08 
1979 | 49 | 2 | 6 } 1% } 51 1979 | 2.19 | 1.07 1.12 
1980 | 47 | 2 | 5 | 17 | 53 1980 | 2.29 | 1.08 1.21 
1981 | 46 | 2 | 5 |} | 54 1981 | 2.35 | 1.09 1.26 
1982 | 46 | 27 | 5 | 1% | 54 1962 | 2.53 | 1.16 1.37 
1983 | 46 | 2 | 4 |} 1% |} 54 1983 | 2.62 | 1.20 1.42 
1984 | 455 | 2 | 4 |} 12 | 55 1964 | 2.68 | 1.21 1.47 
1985 | 46 | 30 | 4 |} 12 | 534 1985 | 2.8 | 1.30 1.54 
1986 | 46 | 30 | 4 } 12 | 56 1986 | 2.8 | 1.29 1.54 
1987 | 46 | 2 | 4 | 1% | 56 1987 | 2.81 | 1.29 1.52 
1988 | 46 | 2 | 4 } 1% | 54 1988 | 2.77 | 1.27 1.50 
1989 | 46 | 2 | 5 | 113 | 56 1989 | 2.71 | 1.26 1.45 
1990 | 46 | 2 | 5 } 13 |} 54 1990 | 2.69 | 1.24 1.45 
NOTE: Data estimated for 1989 and 1990. Because of WOTE: Data estimated for 1989 and 1990. 


rounding, detail may not add to 100. 
SOURCE: National Science Foundation, SRS 
SOURCE: National Science Foundation, SRS and Department of Commerce 
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Table 8-15. 


(In thousands) 


selected years 


Estimated full-time equivalent (FTE) scientists and engineers employed in research and 
development by sector, and the labor force population: 


Year 


1954 | 


| 
1961 | 


| 
1968 | 
1969 | 
1970 | 
1971 | 
1972 | 
1973 | 
197% | 
1975 | 
1976 | 
1977 | 
1978 | 
1979 | 
1980 | 
1981 | 
1982 | 
1983 | 
1984 | 
1985 | 


United 
States 


237.0 


425.4 


549.9 
552.7 
543.8 
523.5 
515.0 
514.6 
520.6 
527.4 
535.2 
560.6 
586.6 
614.5 
651.2 
683.3 
711.9 
751.7 
797.8 


Research and development scientists and engineers 1/ 


ment 2/ 


Universities and colleges | 


99.5 
100.4 
103.4 
108.5 
118.0 
126.5 
135.1 


Scientists Graduate |nonprofit 
& engineers students | institu- 


4/ 


5/ | tions 6/ 

4.7 | 5.3 

| 
8.8 | 11.1 
| 

17.0 | 23.2 
17.9 | 21.2 
18.2 | 21.2 
18.6 | 21.6 
17.6] 21.8 
16.6 | 22.3 
17.5 | 23.3 
18.6 | 23.0 
18.9 | 23.5 
20.0 | 24.0 
20.6 | 25.0 
21.7 | 27.5 
23.2 | 27.5 
24.4 | 27.0 
25.0 | 27.0 
24.9 | 27.5 
26.1 | 29.0 
27.4 | 31.0 
28.9 | 31.0 
31.3 | 31.5 
33.3 | 31.5 


Other 


| Ratio 
| of R&D 
|S&Es to 
| labor 
Labor | force 
force | 7/ 
seanueed | ------- 
65,785 | 36.0 
| 
72,359 | 58.8 
| 
80,990 | 67.9 
82,972 | 66.6 
84,889 | 64.1 
86,355 | 60.6 
88,847 | 58.0 
91,203 | 56.4 
93,670 | 55.6 
95,453 | 55.3 
97,826 | 54.7 
100,665 | 55.7 
103,882 | 56.5 
106,559 | 57.7 
108,544 | 60.0 
110,315 | 61.9 
111,872 | 63.6 
113,226 | 66.4 
115,241 | 69.2 
117,167 | 72.5 
119,540 | 75.0 
121,602 | 75.9 
123,378 | 76.9 


1/ Based on surveys of employers. 


Excludes scientists and engineers employed in State and local government agencies. 


2/ Includes both civilian and military service personnel and managers of research and development (R&D). 


Data are for persons primarily employed in R&D. Since 1987, excludes scientists and engineers with 


less than a bachelors degree. 
3/ Industry sector figures include professional R&D personnel employed at industry-edministered 
Excludes social scientists. 


federally funded research and development centers (FFRDCs). 
4/ Last survey of university sector was for 1985. 


figures include R&D personnel employed at university-associated FFRDCs (15,300 in 1985). 


5/ Numbers of FTE graduate students receiving stipends and engaged in R&D. 
working in university-associated FFROCs. 


6/ Last survey of nonprofits sector was for 1973. 
seventies and trends in the national R&D expenditures/FTE R&D scientists and engineers ratio. 


Number of full-time employees plus the FTE of part-time employees. 


Since then, estimates based on 1985 survey data. 


Figures include graduate students 
Since 1980, full-time science and engineering graduate students 
with research assistantships have averaged an estimated 47% of their time engaged in R&D activities. 

Since then, estimates based on survey date from the early 
Includes 


professional R&D personnel employed at FFROCs administered by organizations in the sector. 


7/ Number of FTE scientists and engineers employed in R&D) activities per 10,000 labor force population. 


SOURCES: 


National Science Foundation, SRS, and Department of Labor (See Appendix A, technical notes.) 
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Table B-16. Geographic distribution of research & development performance, by sector: 1987 


(dollars in millions) 


Federal Univ. & Federal Univ. & 
Total Industry Govt. Colleges Other** Total Industry Govt. Colleges Other** 
United States $127,862 $94,282 $13,413 $16,284 $3,883 
SSSesss sesesse 
Northeast $32,120 $25,654 $1,561 $3,792 $1,112 North Central $28,821 $24,224 $1,387 $2,994 $217 
ssssss sssssss sessss= SSSssses sSesssss Ssssss sssssss sssessse 
New England 11,340 8,324 862 1,482 671 Great Lakes 21,984 18,429 1,237 2,170 148 
Connecticut 2,474 2,216 18 231 G Illinois 5,369 4,284 73 942 70 
Maine 79 41 5 17 15 Indiana 2,197 1,944 64 188 1 
Massachusetts 7,772 5,492 576 1,073 632 Michigan 7,922 7,415 87 397 23 
New Hampshire 161 94 19 48 0 Ohio 4,936 3,569 991 329 47 
Rhode Island 554 234 240 66 15 Wisconsin 1,549 1,217 22 303 7 
Vermont 283 247 4 32 0 
Plains 6,837 5,795 150 824 68 
Middle Atlantic 20,780 17,330 700 2,310 GOL | creer ec ect e trees (tee e eee ceeeeee weer ew eeee toe 
ceeccccecccccccce = = ceccecs eecccce ceece ceccee cece lowa 540 343 20 177 0 
New Jersey 6,728 6,141 255 323 9 Kansas 1,288 1,179 9 94 6 
New York 8,403 6,559 160 1,351 333 Minnesota 2,533 2,242 26 222 42 
Pennsylvania 5,631 4,630 284 619 98 Missouri 2,174 1,905 46 207 16 
Nebraska 158 62 22 72 2 
South 27,685 16,656 6,913 3,648 468 North Dakota 120 60 20 39 1 
Seesess jsseess =seesss=s =ses=z== =sss== South Dakota 23 4 6 12 1 
South Atlantic 17,256 9,208 5,615 2,080 354 
coecccccsccccocos = secccece cescece escerece cecece ccce West $36,902 $27,387 ,075 $5,773 $666 
Delaware 884-1,030* 846-992* 3 32 3 SSsssss seeesss (esseees seesse=s =ssssz2= 
D.C. 1,432-1,578* 39-185* 1,208 85 100 Mountain 7,067 4, 854 1,632 117 
Florida 3,123 2,133 719 252 WD | cere recreeee rece teee eee nee ewee ww ewee cee eee soe 
Georgia 1,429 1,001 96 324 8 Arizona 1,145 845 8&3 207 10 
Maryland 4,609 1,350 2,507 710 41 Colorado 1,705 1,261 133 238 73 
North Carolina 2,219 1,741 130 314 35 Idaho 532 488 15 25 4 
South Carolina 649 523 12 96 18 Montana 55 7 18 30 0 
Virginia 2,561 1,342 884 207 129 Nevada 168 57 77 28 6 
West Virginia 188 87 57 44 1 New Mexico 2,388 993 421 963 11 
Utah 1,034 809 99 121 5 
Southeast 3,903 2,534 864 461 43 Wyoming 36 4 8 17 7 
Alabama 2,352 1,592 584 153 23 Pacific 29,835 22,923 2,221 4,141 549 
Kentucky 356 249 27 78 2S | crrcccescceeeees — ceeecee ceeeeee ceeeee cecces eee 
Mississippi 234 44 127 58 5 Alaska 86 10 33 30 13 
Tennessee 941 649 126 153 13 California 25,557 19,475 2,011 3,649 422 
Hawaii 159 23 57 5 
Southwest 6,526 4,914 433 1,107 71 Oregon 474 294 32 132 16 
seer eeeeeeecesees = sesece seccse cee ceece cee Washington 3,523 3,071 122 236 93 
Arkansas 196 135 24 36 1 
Louisiana 321 134 35 149 3 Undi stributed $2,333 $361 $477 $76 $1,419 
Oklahoma 534 384 34 9 17 Seeeees eeszzss sees Seese eeezsss 
Texas 5,462 4,261 341 811 49 


* For the industry sector, reported data fall within the range specified, but have been withheld by the Census Bureau to avoid 
disclosing individual company operations. Range for state total is R&D performance of Federal government, universities and 
colleges, and other sector, plus the low and high ends of the industry R&D performance range. 

**For other sector, funds distributed by State include only Federal obligations to organizations in the nonprofit sector 
($2,081 million) and all State governments' intramural R&D performance ($383 million). Nonprofit R&D performance using 
non-Federal funds ere undistributed. Zero figures represent expenditures of less than $0.5 million. 


SOURCE: National Science Foundation, SRS. See Appendix A, Technical Notes. 
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Table 8-17. Scientists and engineers engaged in R&D per 10,000 


labor force population by country: 1965-88 


1967 


1971 


1974 


1976 


1981 


| | West | 
| France | Germany | Japan 


| 21.0 | 22.6 | 26.6 
| 29.2 | 22.3 | 26.4 
| 25.3 | 26.4 | 27.8 
| 26.2 | 25.9 | 31.1 
| 27.1 | 28.2 | 30.8 
| 27.3 | 30.8 | 33.4 
| 27.9 | 33.4 | 37.5 
| 28.2 | 35.6 | 38.1 
| 28.5 | 37.1 | 42.5 
| 28.8 | 37.8 | 44.9 
| 29.2 | 38.6 | 47.9 
| 29.6 | 39.2 | 48.4 
| 29.7 | 41.8 | 49.9 
| 30.7 | 42.7 | 49.4 
| 31.6 | 43.4 | 50.4 
| 32.1 | 46.3 | 53.6 
| 36.3 | 45.5 | 55.6 
| 37.9 | 46.4 | 57.1 
| 39.1 | 467.6 | 58.1 
| 41.1 | 49.6 | 62.4 
| 42.8 | 51.6 | 63.9 
| 43.8 | 52.3 | 67.4 
| 46.9 | 53.7 | 68.8 
|} wa | NA | WA 


| United | United 
| Kingdom | States 


| 19.6 | 64.7 
| WA | WA 
| WA | WA 
| 20.8 | 67.9 
| WA | 66.6 
| WA | 66.1 
| WA | 60.6 
| 30.4 | 58.0 
| WA | 56.6 
| WA | 55.6 
|} 31.1 | 55.3 
| WA | 56.7 
| wa | 55.7 
| 33.3 | 56.5 
| wa | 57.7 
| WA | 60.0 
| 35.8 | 61.9 
| WA | 63.6 
| 35.46 | 66.4 
| 35.5 | 69.2 
| 35.5 | 72.5 
| 35.5 | 75.0 
| 35.9 | 75.9 
| wl 7.9 


In general, includes all scientists and engineers 


engaged in R&D on a full-time-equivalent basis. 


For Japan, data include persons primarily employed 
in R@D. For U.S., underlying date for government 


sector include persons primarily employed in R&D. 


For the United Kingdom, data include only the 
government and industry sectors. 


WA = Wot available. 


SOURCES: National Science Foundation, SRS, U.S. Department 
of Labor, and Organisation for Economic Co-operation and 


Devel opment . 


Table B-18. National expenditures for performance of 


R&D as @ percent of gross national product by country: 


1961-88 
(percent) 
| | West | | United | United 
Year | France | Germany | Japan | Kingdom | States 
weer excees | covsees | cores J coorees | consees 
1961 | 1.4% | WA | 1.4% | 2.5% | 2.7% 
1962 | 1.5 | 1.2 | 1.5 | WA | 2.8 
1963 | 16 | 1.4 | 1.5 | WA | 2.9 
1964 | 1.8] 16] 15 | 23 | 2.8 
1965 | 2.0 | 1.7 | 1.6 | WA | 2.8 
1966 | 2.1 | 18] #15 | 23 | 2.8 
1967 | 2.1 | 2.0 | 1.5 | 23 | 2.8 
1968 | 2.1 | 2.0 | 1.7 | 2.2 | 2.8 
1969 | 2.0 | 1.8] 1.7 | 23 | 2.7 
1970 | 1.9 | 29 | 1.9 | WA | 2.6 
1971 | 19 | 2.2 | 1.9 | WA | 2.4 
1972 | 1.9 | 22 | 19 | 2.4 | 2.3 
1973 | 1.8 | 2.1 | 2.0 | WA | 2.3 
197% | 1.8 | 2.9 | 2.0 | WA | 2.2 
1975 | 1.8 | 2.2 | 20 | 2.1 | 2.2 
1976 | 1.8 | 2.1 | 2.0 | WA | 2.2 
1977 | 1.8 | 2.1 | 2.9 | WA | 2.1 
1978 | 1.8 | 22 | 20 | 22 | 2.1 
1979 | 18 4] 26 | 2.4 | WA | 2.2 
1980 | 1.8 | 2.4 | 2.2 | WA | 2.3 
1981 | 2.0 | 25 | 23 | 24 | 2.4 
1962 | 2.1 | 26 | 2.6 | WA | 2.5 
1983 | 2.1 | 26 | 26 | 22 | 2.6 
19% | 2.2 | 26 | 2.6 | wA | 2.7 
1985 | 2.3 | 28 | 28 | 23 | 2.8 
1986 | 2.3 | 2.7 | 28 | 26 | 2.8 
1987 | 2.3 | 28 | 28 | 23 | 2.8 
1988 | 2.3 | 28 | 29 | 22 | 2.8 


NOTE: WA = Not eveileble. 


SOURCES: Nationel Science Foundation, SRS, end 
Organisation for Economic Co-operation and Development. 


Table 8-19. Estimated nondefense R&D expenditures as a 
percent of gross national product by country 1/: 


1971-88 
(percent) 

| | West | | United | United 
Year | France | Germany | Japan | Kingdom | States 
woes cesses | cozceee | cores | veovens | srevees 
1971 | 11.5%] 2.0% | 1.9% | WA | = 1.6% 
1972 | 1.5 | 2.1 | 1.9 | 15 [| 1.6 
1973 | 1.4 | 1.9 | 2.0 | WA | 1.6 
197% | 1.4 | 2.0 | 2.0 | WA | 1.6 
1975 | 1.5 | 2.1 | 20 | 45 | 1.6 
1976 | 1.4 | 2.0 | 2.0 | WA | 1.6 
1977 | 1.4 | 2.0 | 2.0 | WA | (1.6 
1978 | 1.4 | 2.7 | 2.0 | 16 4] 1.6 
1979 | 1.4 | 2.3 | 2.1 | WA | 1.6 
19980 | 1.4 | 2.3 | 2.2 | WA | (1.7 
1981 | 15 | 24 | 2.3 | 1.7 | 1.8 
1982 | 16] 2.5 | 2.4 | wa | 19 
1983 | 1.7 | 2.5 | 2.5 | 16] 1.9 
198 | 1.7 | 2.4 | 2.6 | Ww | (19 
1985 | 1.8 | 2.5 | 2.8 | 16 | 2.6 
1986 | 1.8 | 2.5 | 28 | 1.7 | 2.0 
1987 | 1.8 | 2.7 | 28 | 1.7 | 2.0 
19968 | 18] 26 | 29 | +17 | 2.0 


1/ National R&D expenditures, excluding government 
funds for defense. 


WOTE: WA = Not available. 


SOURCES: National Science Foundation, SRS, end 
Organisation for Economic Co-operation and Development. 


TABLE B-20. FEDERAL OBLIGATIONS FOR RESEARCH AND DEVELOPMENT, BY AGENCY: FISCAL YEARS 1981-90 
(THOUSANDS OF DOLLARS) 
—_ FISCAL YEAR 1981 1982 1 |___1984 1985 1986 1987 1988 — 
TOTAL, ALL AGENCIES ../33,103,9246136,432,589/38,711,537142,2246,865/48,359, 565/ 51,412, 364/55,253,058/| 56,935,073/61,902,039/66,086,038 
DEPT OF AGRIC, TOTAL . 773,958 797,274 847,605 866,171 942,979 928,528 947,858] 1,016,627| 1,069,266] 1,065,205 
FOREST SERVICE ..... 126,055 112,145 107,672 10.359 113,143 113,317 126,721 135,500 137,900 142,500 
OTHER AGRICULTURE .. 647,903 685,129 739,933 757,812 829,836 815,211 821,137 881,127 911,366 902,705 
DEPT OF COMMERCE, 
TOTAL ....... aaa 327,925 336,278 334,992 358,226 398,759 399,166 402,240 388,949 405,529 310,358 
NATIONAL INSTITUTE 
OF STAND & TECH 82,518 88,837 95,031 95,531 100,534 100,787 98,638 107,947 123,388 118,441 
NATIONAL OCEANIC & 
ATMOS ADMIN .... 201,351 222,026 222,037 2446, 300 269,788 274,665 286,100 263,000 267,622 178,117 
OTHER COMMERCE ..... , 056 25,415 17,924 18,395 28,437 23,714 17,502 18,002 16,519 13,800 
DEPT OF DEFENSE, TOTAL|16,508,6469/ 20,622, 574/22,992,789|25,372,870/29,791,506|32,937,939|35,231,532/35,415,140/37,630,437 140,262,013 
ARMY ........cccueee 3,246,159] 3,760,489) 3,998,085) 4,225,532] 4,570,793] 4,809,370] 5,019,479] 4,806,065] 5,350,968) 5,843,107 
iD: tienasseeeecees 5,005,952] 5,845,056] 6,068,206| 7.605.590] 9,127,432] 9,650,289] 9,507,786| 9.514.060) 9.617,5246110,372,560 
AIR FORCE .......... 6,969,267! 9,357,858/10,812,616112,091,6465113,260,917113,593,790115,347,686115,033,591115,266,681115,068,726 
DEFENSE AGENCIES ...| 1,248,240] 1,618,134; 2,052,300] 1,391,540] 2,781,724) 4,767,388] 5,219,670) 5,832,935) 7,188,477) 8,538,038 
OTHER DEFENSE ...... 61,051 41,037 1,582 58, 6 117,102 136,913 8,509 206,807 619,582 
DEPT OF EDUCATION .... 106,862 127,981 111,681 115,702 124,866 121,308 132,516 140,683 161,066 143,872 
DEPT OF ENERGY ....... 4,918,225| 4,708,158) 4,536,682!) 4,673,578| 4,966,008] 4,688,306) 4,757,202] 5,036,400) 5,478,855) 5,282,044 
DEPT OF HEALTH & HUMAN 
SERVICES, TOTAL ..| 3,927,141] 3,940,745] 4,352,530] 4,830,693] 5,451,036] 5,657,606] 6,606,289] 7,158,061] 7,887,995) 8,375,908 
NAT'L INST OF HEALTH| 3,333,269] 3,433,168] 3,789,222) 4,257,436] 4,827,737] 5,005,100] 5,850,857) 6,290,898) 6,791,700] 7,177,200 
OTHER HHS .......... 593,892 507,597 563,308 73,257 623,299 652,504 755,432 867,143] 1,096,295) 1,198,708 
DEPT OF HOUSING & 
eanaee 48,108 28,855 32,090 18,236 18,532 15,3046 16,279 18,412 18,219 21,795 
DEPT OF syne INTERIOR, 
lelananandae 427,105 381,074 382,473 410,877 391,685 385,219 403,834 416,768 432,302 387,562 
BUREAU OF MINES .... 96,746 94,707 88,533 108,777 89,874 84,350 88,832 91,341 102,280 72,335 
GEOLOGICAL SURVEY . 169,777 152,560 157,004 208,881 4,906 218,620 226,799 236,147 240,035 231,760 
OTHER INTERIOR ..... 160,584 133.807 136,936 93,219 86,905 249 88,203 89,280 ,987 83,467 
DEPT OF JUSTICE ...... 26,527 26,692 31,376 24,520 35,992 36,460 462,372 43,118 40,175 34,656 
DEPT OF LABOR ........ 62,188 25,410 19,877 16,259 13,287 10,394 21,596 35,667 32,501 35,989 
DEPT OF STATE ........ 1,766 1,549 1,488 1,550 1,482 1,464 2,962 4,159 4,128 3,205 
DEPT OF TRANS, TOTAL . 615,539 310,083 347,728 448,335 428,859 385,474 324,345 303,954 334,985 330,134 
FED AVIATION ADMIN . 120,000 94,300 126,200 266,182 286,300 260,600 167,308 160,535 179,559 181,323 
OTHER TRANSPORTATION 295,539 215,783 221,528 182,153 162,559 124,874 157,037 143,419 155,426 148,811 
DEPT OF THE TREASURY . 11,306 13,323 15,583 13,853 24,305 24,011 26,876 26,054 29,802 31,144 
DEPT OF VETERANS 
AFFAIRS .......... 144,400 137,300 161,400 190,300 226,600 186,200 209,500 215,300 235,600 203,400 
OTHER AGENCIES 
ENVIRON'L PROTECTION one.oes . 
eiinaneee > 335,089 40,709 61,172 320,41 . . 
mater AERONAUTICS ; ae 5,08 240,70 413 317,319 348,244 347,430 385,913 420,727 
inne ,593,1 3,077,859] 2,661,579] 2,821,900) 3,327,200] 3,419,800] 3,787,072) 4,330,358) 5,688,358) 6,870,364 
Sorutak hes atene 961,564 975,527] 1,061,990] 1,202,820] 1,345,583] 1,553,335) 1,470,505] 1.552.773] 1,663,608) 1,880,995 
OMMISSION ..... ; 219,667 220,287 207,295 190,675 149,959 123,785 122,468 108,480 115,884 129,966 
ALL OTHER .........55. 306,139 366,731 371,670 607,128 400,516 420,750 399,368 396,820 307,418 334,701 
SOURCE: WATIONAL SCIENCE FOUNDATION, SRS 


Table 8-21. Federal R&D funding by budget function: fiscal years 1982-90 
(Dollars in millions] 


Function 1982 1983 1984 1985 1986 1987 1988 1989 1990 est 
ee $36,115 $38,768 $44,214 $49,887 $53,249 $57,069 $59,106 $62,115 $63,805 
National defense.........sececeeees 22,070 24,936 29,287 33,698 36,926 39,152 40,099 40,642 39,877 
GRE. .009000000000000000000000008 3,869 4,298 4,779 5,418 5,565 6,556 7,076 7,773 8,358 
Space research and technology...... 2,584 2,134 2,300 2,725 2,894 3,398 3,683 4,555 5,577 
General science......c.cccceccecees 1,359 1,502 1,676 1,862 1,873 2,042 2,160 2,373 2,499 
ee 3,012 2,578 2,581 2,389 2,286 2,053 2,126 2,419 2,991 
Natural resources and environment.. 965 952 963 1,059 1,062 1,133 1,160 1,255 1,362 
Transportation... ...scccccccccccees 791 876 1,040 1,030 917 908 896 1,064 1,144 
Agriculture. ....ccccccccccccccccess 693 745 762 836 815 822 882 907 949 
Education, training, employment 
and social services..........s-- 228 189 200 220 248 267 285 347 390 
International affairs....... seccees 165 177 192 210 211 223 224 279 212 
Veterans benefits and services..... 139 157 218 193 183 215 195 212 215 
Commerce and housing credit........ 104 107 110 114 171 110 122 128 139 
Community and regional development. 63 44 46 50 8&8 99 108 7% 77 
Administration of justice.......... 31 37 24 47 41 49 51 45 44 
Income security......cecceceees ecce 32 32 26 21 14 235 23 27 35 
General government........ ecccecece 10 6 8 17 14 17 17 15 17 


Note: Data for 1982-89 are actual budget authority. 


SOURCE: National Science Foundation, SRS 


Data for 1990 are estimates based on the FY 1991 budget. 
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TABLE 22. FEDERAL OBLIGATIONS FOR BASIC RESEARCH BY AGENCY: FISCAL YEARS 1981-90 
(THOUSANDS OF DOLLARS) 
AGENCY AND SUBDIVISION 1981 1982 1983 1986 1985 1986 1987 1988 
1989 1990 
TOTAL, ALL AGENCIES ..] 5,061,295] 5,481,605] 6,260,151] 7,067,359) 7,818,682) 8,155,076) 8,942,425) 9,475,618/10,466,455/11,200,587 
DEPT OF AGRICULTURE .. 314,128 330,755 362,019 592,649 445,388 432,857 445,464 480,588 691,427 511,969 
DEPT OF COMMERCE ..... 16,2046 16,867 19,221 20,6135 23,227 26,525 25,779 30,858 52,048 31,271 
DEPT OF DEFENSE, TOTAL 606,285 686,686 785,620 84) ,857 861,407 925,955 907,599 876,922 908,315 966,176 
TTTITITT TTT 148,089 187,662 , 222,090 240,755 268,450 216,972 165,727 174,857 207,374 
WAVY . 2. occ wnnnnee 238,000 280,300 305,400 315,765 345,110 337,267 354,255 341,805 345,972 590,267 
AIR FORCE .......... 125,800 165,800 164,200 192,359 198,298 216,485 221,584 196,582 188,274 215,801 
DEFENSE AGENCIES 92,396 72,922 107,700 117,665 79,246 121,715 116,788 173,008 201,210 150,732 
OTHER DEFENSE ...... - - - - - ° ° ~ z > 
DEPT OF EDUCATION .... 20,576 146,199 146,182 12,221 14,662 46,522 5,119 4,356 6, 361 4,638 
DEPT OF EWERGY ....... 586,340 642,211 767,718 836,452 942,592 959,668) 1,068,665) 1,186,808) 1,515,875) 1,596,229 
DEPT OF HEALTH & HUMAN 
SERVICES, TOTAL ..| 1,900,386) 2,146,694) 2,475,400) 2,814,525) 3,252,547] 3,558,767) 5,827,918) 4,081,405) 4,411,225) 4,756,015 
WAT*L INST OF HEALTH| 1,766,788] 2,020,650] 2,515,026] 2,624,774] 3,018,006) 3,118,600) 3,575,515) 5,795,127! 4,065,474) 4,546,910 
OTHER WHS .......... 135,596 126,066 162,376 189,751 214,545 220,167 252,405 286,276 347,749 607,105 
DEPT OF THE INTERIOR . 80,6635 76,454 103,035 125,921 138,274 132,986 134,874 126,466 147,268 128,514 
DEPT OF TRANSPORTATION 1,210 1,000 900 3,481 1,063 608 174 - - 
DEPT OF VETERANS 
AFFAIRS ......545- 15,000 12,900 14,100 15,800 15,400 14,800 17,200 17,300 19,400 15,800 
OTHER AGENCIES 
ENVIRON'L PROTECTION 
eecssseseses 10,500 32,687 22,217 29,625 38,634 38,489 31,075 7,1% 446,134 76,2469 
NATIONAL AEROWAUTICS & 
ADMIN ...... 531,122 535,733 617,033 754,500 750,900 916,700) 1,015,717) 1,112,715] 1,438,387] 1,662,086 
aoe ban Sates 896,569 916,078 999,936) 4,932,560] 1,261,807) 1,275,221) 1,571,169] 1,455,190) 1,555,167] 1,754,105 
COMMISSION ....... on od ° © - ° ° - 
SMITHSONIAN INST ..... 44,861 52,357 55,960 $3-683 71,0635 63,275 71,508 75, 78,967 87,052 
ALL OTHER .. 0... ceuee 19,455 18,986 25,592 5,782 21,738 24,747 26,564 22,726 21,8465 16,709 


WATIONAL SCIENCE FOUNDATION, SRS 


TABLE 23. FEDERAL OBLIGATIONS FOR APPLIED RESEARCH BY AGENCY: FISCAL YEARS 1981-90 
CTHOUSANDS OF DOLLARS) 
AGENCY AND SUBDIVISION) 1981 1982 1983 1986 1985 1986 1987 1988 4 
: 19893 1390 
TOTAL, ALL AGENCIES ..| 7,171,485) 7,560,580) 7.993,596) 7,999,496] &.594,759) 8,349,125) 8.997.937) 9.176.368) 9,951,033! 9.890.810 
DEPT OF AGRICULTURE ..| 426,856] 435,708) 455.539) 442,238] 465,552) 465,549] 473.463) 506,618) 526,477 501,118 
DEPT OF COMMERCE ..... 233,171 259.188) 265.620) 276,088! 300,952) 312.936) 312,800) 391.4672) 326.252) 267.198 
DEPT OF DEFENSE, TOTAL! 1.996.615) 2,266,137] 2,437,029] 2,200,674) 2,306,876) 2,303,348) 2,.439.957/ 2,362,201) 2,527,333) 2.411.996 
PC 388.366) 651,561) 485,291 486.692| 582.631) 578.838) 692.966) 587,990) 582,157 590,476 
Dt ateaseeacesesees 460,000 498,400 521,600 469,598 ° 447,075 432,458 606,065 417,415 611,207 
AIR FORCE ._. |||! 491,500) 488,10 526,200) $47,739) 538,355) 542,476 3,209] 576.6771 550,159) 581.065 
DEFENSE AGENCIES ...| 656,749] 828,076) 905.938| 716,665] 757,668) 754.961) 751,366! 791.4911 977.602) 829.268 
OTHER DEFENSE ...... ° « - - - . - « - ° 
DEPT OF EDUCATION .... 33,212 56,268 61,885 68,680 77,263 91,317] 103,827) 106,661 115,536) 119,307 
DEPT OF ENERGY ....... 827,265) 1,053,877) 1,193,409] 1,196,457] 1,998,465! 1,080,653) 1,029,386) 1,050,559] 1,105,372) 999.776 
DEPT OF HEALTH & HUMAN 
SERVICES, TOTAL ..| 1,591,857] 1,460,890] 1,565,446) 1,651,498] 1,795,787) 1,850,791) 2,196,026) 2,415,560] 2,693,776) 2,795,672 
WAT'L INST OF WEALTH! 1,181,521] 1,103,802/ 1,165,179] 1,265,663) 1,498,115) 1,469,000] 1,739,142] 1,885,571] 2,066,126] 2,105,790 
OTHER WHS .......... 410,336) 357,088) 380,267| 365,855) 365,674) 381,791) 454,886) 529,989) 667,668) 689,882 
DEPT OF THE INTERIOR .| 289.174] 275,006) 254.675) 256,303) 230,978) 234,926) 247,253) 266,016] 259,020) 237,106 
DEPT OF TRANSPORTATION 87,379 65,685 71,69 74,211 70,163 67,615 68.423 91,065) 108,816) 105,720 
DEPT OF VETERANS 

AFFAIRS .......... 112,700) 110,100] 132,000) 136,100] 193,700) 155,100) 173,100) 78,800) 197,700) 169,300 

OTHER AGENCIES 
ENVIROW'L PROTECTION 

eR et 207,800; 210,692) 152,380] 142,336] 175,996) 179,292) 266.126) 260,723) 259,286) 262,182 
WATIOWAL AERONAUTICS & 

SPACE ADMIN ...... 876,036] 871,607] 927,787) 954,700) 1,052,700) 1,152,300) 1,255,530) 1,218,862) 1,426,093) 1,586,201 
MATL SCI FOUNDATION 58,895 57,087 834 70,480 835,776 78,114 99,336 99,5835) 110,441 126,892 
SHIT SoM SSTON aiee 219,667) 220,287; 207,295) 190,675) 169,959) 123,785) 122.468) 108,480) 115,886) 129,966 
ALL OTWER ...........- 210,858 198,268; 225.779] 234,974) 232,596] 255.597) 232,262) 221,808 179,053) 200,380 

SOURCE: WATIONAL SCIENCE FOUNDATION, SRS 


TABLE 24. FEDERAL OBLIGATIONS FOR DEVELOPMENT BY AGENCY: FISCAL YEARS 1981-90 
(THOUSANDS OF DOLLARS) 
AGENCY AND SUBDIVISION] 1981 1982 1983 1986 1985 1986 1987 1988 
1989 1990 
TOTAL, ALL AGENCIES ../20,891,166/23, 610,606) 26,458,012) 27,266,092) 32,226,146) 34,910, 165/37, 312,6961 38,285,087 141,486,573/46, 992,661 
DEPT OF AGRICULTURE .. 32,974 30,811 30,047 31,286 32,039 $2,122 28,951 31,421 31,360 32,138 
DEPT OF COMNERCE ..... 78,550 60,223 50,151 61,525 74,580 59,707 63,661 46,619 467,229 31,889 
DEPT OF DEFENSE, TOTAL|13,907,749/17,669,753119,.770, 1460/22, 326, 359/ 26,625,221 |29,710,676|31,883,976/ 32,176, 017/34,1946,791 | 36,865,865 
seauedevaseuecee 2,707,706) 3,121,266] 3,306,676) 3,516,750) 3,747,409] 3,982,082) 4,109,561) 4,052,328) 4.593.936! 5,065,259 
WAVY 20... c ccc eee 6,307,952) 5,066,356) 5,261,206] 6,860,227! 8,336,100!) 8,865,947) 8,721,073) 8,766,212! 8,856,137) 9,571,086 
AIR FORCE .......... 6,351,967) 8,723,958110,126,216111, 351, 567112, 526,266112,834,8351146, 562,891 114,260, 532114,528,268114,271,880 
DEFENSE AGENCIES ... 499,095) 717,136] 1,038,662) 557,252] 1,966,810) 3,910,712) 4,353,538) 4,868,436) 6,009,665) 7,558,038 
OTHER DEFENSE ...... 41,051 41,037 1,582 563 50, 117,102] 136,913) 228,509) 206,807) 419,582 
DEPT OF EDUCATION .... 51,074 57,514 35,614 34,801 32,961 25,469 25,570 29,688 41,151 20,127 
DEPT OF ENERGY ....... 5,506,620) 3,012,070] 2,575,555) 2,668,689) 2,826,971) 2,647,983) 2,659,351| 2,801,033) 3,059,610!) 2,888,039 
DEPT OF HEALTH & HUMAN 
SERVICES, TOTAL .. 434,900} 335,161 331,686) 364,670) 422,702) 468,066) 586,345) 661,078) 782,998! 826,225 
NWAT*L INST OF HEALTH 384,940 308.696 311,017 347,019 399,620 417,500 536,200 610,200 682,100 726,500 
OTHER HHS ......655- 49,960 26,465 667 17,651 235,082 546 48,1465 878 100,898 101,723 
DEPT OF THE INTERIOR . 57,268 29,6146 24,765 30.653 22,433 17,307 21,707 24,288 26,0146 21,946 
DEPT OF TRANSPORTATION 326,950 243,598 275,132 370,643 557,633 517,251 255,748 212.909 226,171 226,414 
DEPT OF VETERANS 
AFFAIRS .......... 16,700 14,300 15,300 18,400 17,500 16,300 19,200 19,200 18,500 18,300 
OTHER AGENCIES 
ENVIRON'L PROTECTION 
seneeeeeces 107,400 1,710 66,112 89,211 105,785 99,538 71,0635 79,511 82,495 82,2%6 
NATIONAL AERONAUTICS 8 
ADMIN ...... 2,185,997! 1,670,719!) 1,996,759] 1,992,700! 1,545,600/ 1,350,800| 1,517,825| 1,998,783) 2.825.878) 3,824,077 
NAT*L SCI FOUNDATION 6,100 2,162 e e e ° e ° ° ° 
HUCLEAR REGULATORY 
COMMISSION ....... - - - - - - - - - - 
SMITHSONIAN INST ..... - - - - - - - - - - 
ALL OTHER . 2... cc cccues 180,862 192,969 166,753 159,177 168,719 164,966 181,519 204,540 152,378 157,349 
SOURCE: WATIONAL SCIENCE FOUNDATION, SRS 


Table 8-25. Companies’ own and Federal funds for industrial R&D performance 
by industry and size of company in selected years 


(Dollars in millions) 
Industry and size of company SIC code 1980 1982 1984 1985 1986 1987 1988 
Total... ccccececccccccces peccccceseccoes eececcoococes $44,505 $58,650 $74,800 $84,239 $88,179 $94,117 $99,422 
Distribution by industry 


Food, kindred, and tobacco products(1)........ 20,21 620 (Dd) (Dd) (Dd) (Dd) 1,223 (D) 
Textiles and apparel. TTT TTT TTT TTT TTT TTT 22,23 115 (0) (D) (D0) (D) (D) (0) 
Lumber, wood products, and furniture pecccccese 24,25 148 159 143 147 144 140 (D) 
Paper and allied productsS.........cccccccccees 26 495 566 (D) (Dd) (D) (0) (D) 
Chemicals and allied products............s+.. 28 4,636 6,604 7,927 8,540 8,843 9,878 10,774 
Industrial chemicals........ pesccocooooooces 281-82, 286 2,197 3,206 3,240 3, 6B 3,552 3,901 3,959 
Drugs and medicines.......cecccccceess secece 263 1,777 (D) (Dd) (>) 3,658 (D) 4,737 
Other chemicals.......cccccccccccccccccceces 284 -85 , 287-89 662 (D) (D) (D) 1,633 (D) 2,078 
Petroleum refining and extraction............. 13,29 1,552 (D) (D) (D) (D) 1,897 1,958 
Rubber products... .ccccccccccccccccceccccecees 30 656 (0) (0) (D) (0) (0) (D) 
Stone, clay, and glass products............... 32 406 (D) (D) (0) 950 998 (0) 
Primary —- SOESyeeeeeee eeeeeevneeeeeeee 33 728 a7 (Dd) (D) (Dd) 744 663 
Ferrous metals and productS............se«+. 331-32,3398-99 443 (D) (0) (Dd) (Dd) (0) 260 
Nonferrous metals and products.............. 333-36 285 (D) 336 416 458 (D) 403 
Fabricated metal products.........cccccceccees 34 550 625 842 829 895 949 951 
Machinery. ...cccccccccccccccccess eeeeeeeeeeeee 35 5,901 8,078 10,504 12,216 (Dd) (Dd) (Dd) 
Office, computing, and accounting machines. . 357 3,962 (D) (0) (Dd) (0) (0) (0) 
Other machinery, except electrical.......... 351-56,358-59 1,939 (0) (0) (Dd) 2,396 2,605 2,766 
Electrical equipment....... PTT TTT TTT TTT TTT Te 36 9,175 10,923 13,778 14,432 14,980 16,053 16,744 
Radio and TV receiving equipment............ 365 556 (0) (0) (dD) 133 143 138 
Communication equipment.........cccccccccees 366 4,024 5,839 8,685 9,397 9,669 10,311 10,387 
Electronic COMPONENTES... ....cccccccccccccecs 367 1,547 1,740 2,831 3,385 (D) 4,342 5,039 
Other electrical equipment...........seeeees 361-64, 369 3,048 (Dd) (0) (Dd) (D) 1,257 1,180 
Transportation equipment........cccccccceceees 37 14,315 (D) (0) >) 4,275 %,377 36,224 
Motor vehicles and motor vehicles equipment. 371 4,955 4,797 6,057 6,984 (0) (D) (0) 
Other transportation equipment.............. 373-75,379 162 (0) (0) (0) (0) (0) (0) 
Aircraft and missiles.......cccccccccccccees 372,376 9,198 14,451 18,858 22,231 21,050 26,488 $$ 25,667 
Professional and scientific instruments....... 38 3,029 3,930 4,602 5,013 5,103 5,264 5,561 
Scientific and mechanical measuring 
INSTTUMENTS. .. 2... ccccces eee eee ee ee eee eeee 381-82 1,352 (Dd) (0) (Dd) (0) (0) (0) 
Optical, surgical, photographic, and other 
IMSTTUMENTS. ...cccccccccccccs eeenevreeeeeneeee 383-87 1,677 (Dd) (0) (0) (dD) (Dd) (Dd) 
Other manufacturing industries...........ese6. 27,31,39 364 (D) (0) (0) 382 (0) (0) 
Nonmanufacturing industries........scscseeeees 08,10-12,14-17, 1,815 2,472 4,905 6,714 7,446 8,690 8,718 
40-67,72-73, 
806-07, 891 
Distribution by size of company 
(Based on number of employees) 
Less than 500........... ecccces TTTTTTTITITITTTTT TTT TTT TTT TTT 2,065 2,934 4,402 5,866 7,071 7,603 (S) 
BED OD Foie cccccccccccccccccccccccccccccccecceccccccescooccces 1,439 1,648 1,902 1,911 1,740 
1,000 to 4,999. ..ccnccccccces MTTTITITITTITITTTTT TTT TTT TTT Tee 2,701 3, 864 5,520 6,240 7,472 8,129 8,391 
F.CED CO DFP ec cccccccccccccccccccccccccccccccccccccccccoccccs 2,028 2,751 3,251 4,022 4,251 4,488 5,571 
10,000 to 246,999. ..ccsccccees eccccccce PTTTTITITITITTT TTT TTT Te 6,017 7,943 11,351 11,109 10,493 12,480 11,564 
BS CEB OF BOF cc ccccccccccccccccccccccccccccccccccccccoceccces 31,693 41,156 48,837 55,354 56,991 59,506 64,704 


(D) Data have been withheld to avoid disclosing operations of individual companies. 
(1) Until 1984, tobacco products, SIC 21, was included with “other manufacturing industries.” 


SOURCE: National Science Foundation, SRS 


Table 8-26. Companies' own funds for industrial R&D performance by industry and size of company in selected years 
(Dollars in millions) 


Industry and size of company SIC code 1980 1982 1984 1985 1986 1987 1988 
We cccccocesesesonseonnsenesscenseseses 600060804 eeee- $30,476 $40,105 $51,404 $57,043 $59,932 $62,806 $66,463 
Distribution by industry 


Food, kindred, and tobacco products(1)..... ece 20,21 (D) 777 1,081 1,136 1,280 1,221 1,274 
Textiles and apparel.........ccccececees seacee 22,2 (D) 136 182 218 246 231 183 
Lumber, wood products, and furniture..... eecce 24,25 148 159 143 147 144 140 155 
Paper and allied productsS.........cccceccceees 26 495 566 594 576 538 603 657 
Chemicals and allied products...........ssees- 28 84,264 6,197 7,736 8,310 8,664 9,685 10,580 
Industrial chemicals............. seceeenees: 281-82,286 1,856 2,810 3,057 3,281 3,374 3,714 3,767 
Drugs and medicines... ....cccccccccccccccees 283 1,756 2,473 3,310 3,481 3,657 4,139 4,735 
Other chemicals.......cccccccccsccccccecssss 284°85,287-89 653 914 1,369 1,548 1,633 1,832 2,078 
Petroleum refining and extraction........ sccce 13,29 1,401 2,003 2,245 2,194 1,971 1,883 1,937 
Rubber products... ...cccccccccccccccccsccecces 30 (D) 617 671 659 655 635 651 
Stone, clay, and glass products............0+. 32 363 472 705 825 941 988 945 
Primary metals... ...ccccccccccccccceccccecsees 33 594 711 683 730 786 725 643 
Ferrous metals and productS..........+..+++- 331-32,3398-99 338 426 357 323 336 257 260 
Nonferrous metals and products...........++. 333-36 256 285 326 407 450 468 383 
Fabricated metal products............. ecceccoce 34 501 565 773 780 800 799 808 
Bee cccccccccccecccccccccococcocosesccce 35 48655, 254 7,227 9,312 10,721 10,701 10,819 12,132 
Office, computing, and accounting machines.. 357 3,436 4,944 7,011 8,418 8,380 8,260 9,412 
Other machinery, except electrical.......... 351-56,358-59 1,818 2,283 2,301 2,303 2,321 2,559 2,720 
Electrical equipment... .....cccccccccess ecccece 360 ss« 55, 431 6,682 9,037 9,271 9,767 10,602 11,193 
Radio and TV receiving equipment............ 365 346 364 362 350 133 143 138 
Communication equipment......scccccccccseces 3660s 2, 367 3,555 5,147 5,174 5,117 5,533 5,768 
Electronic COMPOMENTS......cccccecccececeses 367 1,165 1,342 2,354 2,826 3,357 3,685 4,120 
Other electrical equipment.........ececseees 361-64,369 1,553 1,421 1,174 921 1,160 1,261 1,167 
Transportation equipment... ...cceccccccccccces 37s «6, 958 8,621 10,406 12,092 13,567 13,593 14,009 
Motor vehicles and motor vehicles equipment. 371 4,300 4,321 5,384 6, 164 7,171 7,267 7,769 
Other transportation equipment..........+++. 373-75 ,379 88 114 258 279 330 357 388 
Aircraft and missiles... ....cccccccccccccces 372,376 2,570 4,186 4,764 5,649 6,066 5,969 5,852 
Professional and scientific instruments...... ° 38 862,456 3,407 4,211 4,622 4,752 4,991 5,346 
Scientific and mechanical measuring 
INBTPUMONES. «2. ccc cc cccccccccccccecess coves 381-82 1,001 1,363 1,671 1,596 1,521 1,634 1,672 
Optical, surgical, photographic, and other 
IMSTPUMONTS. 2. cece cece ccccccccccccceseeeees 383-87 1,454 2,044 2,540 3,026 3,231 3,357 3,674 
Other manufacturing industries..........seeees 27,31,39 339 493 373 361 380 394 377 
Normanufacturing industries.........sceeees -»+08,10-12, 14-17, 1,037 1,472 3,252 4,401 4,740 5,496 5,575 
40-67,72-73, 
806-07,891 


Distribution by size of company 
(Based on number of employees) 


Less than 500......ccccccccccccccccccccccsecccessccecsccesess 1,791 2,411 3,781 5,127 6,203 6 

500 TO DOP. nccccccccccncccccccccccccscssssersseseessersesess 1,341 1,531 1,765 1,750 1,613 
OGD. crncccccccccccccccccccccsssessecesseccsesseess 2,297 3,261 4,618 5,249 6,243 6,701 6,868 

OD, DID. ccccccccamscscccsccccccsccccessccesessssseesss 1,996 2,226 2,766 3,350 3,455 3,750 4,614 

TO 26,999. nce cccccccccccccccccceccsscccccesccesccssees 4,867 6,468 8,546 8,366 8,489 10,102 9,717 


25,000 OF MOTO... ccecececccees eereeeeee eeeeeeeeeeeeeeeeeeeeee 20,045 25,781 30,354 33,421 33,778 33,920 37,126 


583 (S) 


Note: Company funds include all funds for industrial R&D work performed within company facilities from all sources (e.g. 
outside organizations such es research institutions, universities and colieges, sther nonprofit organizations, and 
State governments, as well as companies’ own finds) except funds provided by the Federal Government. 

Company- financed research and development contracted to outside organizations (except other companies) is excluded. 


(D) Data have been withheid to avoid disclosing operations of individual companies. 
(1) Until 1984, tobacco products, SIC 21, was included with “other manufacturing industries." 


SOURCE: Wational Science Foundation, SRS 
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Table 8-27. 


Federal funds for industrial R&D performance by 


industry and size of company in selected years 


Industry and size of company 


Wt s0050508enenesenseneeseseseonseesones 


Distribution by industry 


Food, kindred, and tobacco products(1)........ 
Textiles and epperel........ eeeee ee eeeeeeeeeee 
Lumber, wood products, and furniture.......... 


Paper and allied products.......... eccccecccce 
Chemicals and allied products.........sscccees 


Industrial I, 2.0.000000000000000000008 
Drugs and medicines... .cccccsccees eeeeeceeeae 
Other chemicals... ..ccccccccccccccccccccsece 


Petroleum refining and extraction............- 
Rubber Bc ccccccceeeccoosooocoscoccosece ° 
Stone, clay, and glass productS........ccseees 
Primary metals... .ccccccccccccccccccccccscecs 


Ferrous metals and products.........secseees 
Nonferrous metals and products...........+++ 


Fabricated metal PFOGUCTS.. wc cccccececcccccces 
MACHiNery..ccceccccccccccccccceccesesesseseses 


Office, computing, and accounting machines. . 
Other machinery, except electrical.......... 


Electrical CQUIPMONT... 2. ccc cccccccsccccccccces 


Radio and TV receiving equipment............ 
Communication equipment......cccccccessceces 
Electronic COMPONENTS... ....ccccccccccseccece 
Other electrical equipment........cceseccees 


Transportation OCQUIPMONT ... 2c cc cccccccccccesees 


Motor vehicles end motor vehicles equipment. 


Other transportation equipment.........cse«. 
Aircraft and CC 


Professional and scientific instruments....... 


Scientific and mechanical measuring 
PT. ~nnng00000000000eeeoeeeeeeseees 


Optical, surgical, photographic, and other 
GBCFUMOTIEBD < cc cccccccccecccccccccecccceesess 


Other manufacturing industries.......sccccesss 
Wormanufacturing industries. .....csccccccesecs 


Distribution by size of company 
{Based on rumber of employees) 


a 
8 
He 
sf use #3 une 


351-56,358- 


361-64, 


Su $S8& « 


27,31,39 


08, 10-12,14-17, 


40-67,72-73, 
806-07, 891 


Less SE Ben coccocceccesoeoeeeeeseeeeeeeeeneeeeeeeeoeeoeCeeees 
500 £0 G99. nc ccccccccncncccccescccececsseseseusessessssssecesess 
1,000 to GFP c cccccccccccsccccccccceccecescccccccccccccocscccce 
5,000 to 9,999... nccccenccccccncccccccsscssesccceeesesesessseens 
10,000 £0 26,999. .ccccnncccccccsuccecccescecsccceseccesesssseees 


25,000 or | sg POPPE EPEPELELILILILILIIIIILILIIILIIIIIIT tt 


(0) Date have been withheld to avoid disclosing operations of individual: companies. 


$14,029 


354 
444 
432 
1,150 


11,648 


(Dollars in millions) 


1982 
$18,545 


523 
623 
527 
1,495 


15,377 


1984 1985 
$23,396 $27,196 
(0) (0) 
(0) (0) 

0 0 

(D) (D) 
191 230 
183 217 
(0) (0) 
(0) (0) 
(0) (0) 
(0) (0) 
(0) (0) 
(D) (D) 
(0) (D) 
10 z 

69 49 
1,192 1,495 
(0) (D) 
(0) (0) 
4,741 5,161 
(0) (D) 
3,538 4,223 
477 559 
(0) (D) 
(0) (D) 
673 820 
(0) (0) 
14,094 16,582 
391 391 
(0) (D) 
(0) (D) 
(0) (0) 
1,653 2,313 
621 739 
98 117 
902 991 
487 672 
2,805 2,743 
18,483 21,933 


(1) Until 1984, tobacco products, SIC 21, was included with “other manufacturing industries." 


SOURCE: Wationel Science Foundation, SRS 


1986 1987 
$28,247 $31,311 
(D) 2 
(D) (0) 

0 0 

(0) (0) 
179 192 
178 187 

1 (0) 

0 (0) 

(0) 14 
(D) (D) 

g 10 

(D) 19 
(0) (0) 

8 (0) 

9 150 
(0) (D) 
(D) (0) 
75 46 
5,213 5,452 
0 0 
4,552 4,778 
(0) 657 
(0) 17 
17,708 20,784 
(D) (0) 
(0) (0) 
14,964 18,519 
351 273 
(D) (0) 
(0) (0) 

2 (0) 
2,706 3,194 
88 1,020 
137 161 
1,229 1,428 
796 738 
2,006 2,378 
23,213 25,586 


1988 
$32,959 
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Table 8-28. Companies' own and Federal R&D funds as a percent 
of net sales in R&D-performing manufacturing companies 
by industry end size of company in selected years 


(Percent) 
Industry and size of company SIC code 1978 1980 1982 1983 
Betah ccocccccccccoccceosoessosecccococes coccecoccoocces 2.9 3.0 3.8 3.9 

Distribution by industry 

Food, kindred, and tobecco products(1)........ 20,21 0.4 0.4 (D) (D) 
Textiles and apparel... ..cccceccccccccscececs 22,23 0.4 0.4 (0) (0) 
Lumber, wood products, and furniture.......... 24,25 0.7 0.8 0.8 0.8 
Paper and allied productS.......csccscccseces 2 @#«4«éO 1.0 1.1 (0) 
Chemicals and allied products.........sseccees 2 3.6 3.6 43 £44.46 
Industrial chemicals........ceccccccsccceess 281-82,286 3.5 3.3 4.0 3.9 
Drugs and medicines... ...ccccccccccccceccecs 283 6.2 6.2 (D) (0) 
Other chemicals.......cccccccccccccecccessss  286-85,287-89 1.8 1.9 (Dd) (0) 
Petroleum refining and extraction...........+- 13,29 00.7 40.6 (0) (D) 
Rubber PRODUCTS... cc cceccccccccccccescsesesess 30 1.9 2.2 (Dd) (Dd) 
Stone, clay, and glass products...........+++. 32 1.3 1.4 (0) (0) 
Primary Metals... ..ccccccccccccccccccccceseces 3 0600.7 ~—S (C0. 1.1 1.3 
Ferrous metals end products............+++-. 331-32,3398-99 0.6 0.7 (D) (0) 
Nonferrous metals and products..........+++. 333-36 0.6 0.7 (0) (0) 
Fabricated metal POGUCTS... cw ecwcccccccccccces x 1.1 1.4 1.3 1.4 
MACHIMErY. 2. cccccccccceccccenecesessecseceses 35 4.6 5.0 5.6 6.2 
Office, computing, end eccounting machines... 357 11.1 12.0 (0) (0) 
Other machinery, except electrical.......... 351-56,358-59 2.1 2.3 (0) (0) 
Electrical OQUIPMONE.. nc cccrcccccccccccescccss 36 5. 6.6 7.2 7.9 
Radio end TV receiving equipment............ 365 1.8 4.3 (0) (0) 
Communication equipment......ccccccccccceess 36060=~C*«wWTtiéwDCCsa2- SS 
Electronic COMmpOMentS.......ccecccccccccsees 367 «66.7 7.9 6.8 7.7 
Other electrical equipment.......ceeccceeees 361-64,369 5.1 4.9 (0) (0) 


Transportation equipment......cccccccseveccees 
Motor vehicles end motor vehicles equipment. 


Aad 

y had 
~ 

a 

. 

Aad 

+s 

. 

b°) 

, 

. 

w 

= 

. 

oO 


Other transportation OQUIPMONT.. 2 cece ceccees 373-75 ,379 0.8 0.6 (dD) (0) 
Aircraft end MISSILES... .ccccccccccccccccees 372,376 13.3 13.7 17.1 15.2 
Professional and scientific instruments....... 38 6.9 7.5 8.4 8.6 
Scientific and mechanical measuring 
TAACPUMOTIES. . ccc ccc ccc cc ccc ee eeeeceeseees 381-82 7.1 8.4 (0) (D) 
Optical, surgical, photographic, end other 
TMBCPUMONTE. . cc ccccccccccccccecccceeeeeees 383-87 6.8 6.9 (0) (dD) 
Other manufacturing industries........c.eeeee. 27,31,39 0.5 0.4 (0) (0) 


Distribution by size of company 
(Based on number of employees) 


Less than 500... ....cccccccscccccccccencsscsscceeeees scccee cesses 1.6 1.4 1.8 2.5 
SOO CO DPD. ccccccccccccccccccccccccccccccccesccssosccesescocees ° 

1,000 tO 6,999... ccccccccccccccccsccceseseccsssesssesceseseses 166 1.8 1.9 2.0 
5,000 £0 9,999. cc nccnccccccereccenneesesessessssseeeeseeseess » 1.6 1.4 1.7 1.7 
10,000 £0 26,999... ccncccccccccccececesseesseeses ecccccccccces »- 9 1.7 2.6 2.8 
25,000 OF MOTE... ccccccccccccccccnccccsecsccssssesseseessseeees 4.0 4.0 5.4 5.5 


(D) Date have been withheld to avoid disclosing operations of individual companies. 
(1) Until 1984, tobecco products, SIC 21, was included with “other manufacturing industries." 


SOURCE: Wational Science Foundation, SRS 
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Table 8-29. 


Companies' own RED funds as a percent of net sales in R&D-performing 


manufacturing companies by industry and size of company in selected years 


Industry and size of company 


Distribution by industry 


Food, kindred, and tobacco products(1)........ 
Textiles and apperel PTT TTT TT TTT TTT TTT Tee eccce 
Lumber, wood products, and furniture peocececes 
Paper and allied productsS........csccccccences 
Chemicals and allied products.........secceees 

Industrial chemicals.......... pececeococcose 

Other chemicals......... ccccecoccceccococcce 


Petroleum refining and extraction............. 
Rubber BBoccccccccccccccccccccce ecccccece 
Stone, clay, and glass productsS.........cecees 
Primary metals... ....ccccccccccccccccccesccecs 


Ferrous metals and productS.......cscccesees 
Nonferrous metals and products........c..0+. 


Fabricated metal PFOGUCTS.. 2 cc cccccccccccccces 
MACH IMEPY. 2. ccccccccccccccccccccecesccceesess 


Office, computing, and eccounting machines. . 
Other machinery, except electrical.......... 


Electrical OQUIPMONE. 2.2 eccccccccccececcceces 


Redio and TV receiving equipment............ 
Communication OCQUIPMONE.... cececceccccccsees 
Electronic COMPONIONTS. . cccccccccccccsccccees 
Other electrical equipment.......ccccccccees 


Transportation equipment 
Motor vehicles and motor vehicles equipment. 


Other transportation equipment...........s 
Aircreft end MISSILES... cccccccccccccccesecs 


Professionel end scientific instruments....... 


Scientific end mechenicel measuring 
PPBCPUMONTS. «onc ccccccccccccccccccccececees 


Optical, surgical, photographic, end other 
PPBCPUMONTS. oo cc cccccccccccccccccccccceees 
Other manufacturing industries. .......sceeeees 


Distribution by size of compeny 
(Based on number of employees) 


Less then 


500 to MPTP TTTTTTTTITTTTTTITITTTTTTTTTTTTTTTTTTTiTTTT TTT ee 


= 

w 

¥ 
, 


351-56,358- 


RE 
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ss 
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F 
e #33 4 SEE s 


& & 
gs 


~ 
~“ 
w 
—_ 
3 


eeeeeeeeee eee eee ee eeeeceeeeeeeeeeeeeneeeaeeeeeereeeee 


1,000 to 4 
5,000 to 9, PTT TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT TTT 


10,000 to 


25,000 or |g POPPE PTEEELELELELELELIELELLLILELILLELeE ett 


(0) Date have been withheld to avoid disclosing operations of individuel companies. 
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(1) Until 1984, tobecco products, SIC 21, was included with “other manufacturing industries.” 


SOURCE: National Science Foundation, SRS 
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Table 8-30. 
by product field and source of funds: 


Product field 
Total.. eeneee eee eceeaeeee eeeneee eeeeeeeeeeeeeeeeaee 


Food and kindred products...........+. cccccccccccoce 
Textile mill products... ....cccccccccccccccccccccees 
Chemicals, except drugs and medicines..........sses- 


Industrial inorganic and organic chemicals........ 
Plastics materials and synthetic resins, rubber, 

and fibers......cccccccccccess peceeoeoenscoooosoes 
Orugs ord medicines... ccccccccccccccccecccecececs 
Agricultural chemicals........cccccccccccceceseses 
Other chemicals..........-. poceccosooooososooccoces 


Petroleum refining... ...ccccccccccccccccccccsccceces 
Rubber and miscellaneous plastics products.......... 
Stone, clay, and glass ProductS.......ccccccccescees 
Primary metals... ...cccccccccccccceccccccccsecescess 


Ferrous metals and products.........cccccccccececes 
Nonferrous metals and PFOGUCTS...ccccccccccccceses 


Fabricated metal productS........ccccccccccccccceces 


Ordnance and accessories, M.€.C...cccccccccccceces 
Other fabricated metal productS.......cccscccceees 


MOCHINOTY.. cc ccccccccccccccccecccceseccceceeeseeses 


Engines and ee 
Ferm machinery end OQUIPMONT .. ccc ceccccccccccccees 
Construction, mining, and materials handling 

MOCHINETY. «occ cccccccccccccccccccccecececeseceses 
Metalworking machinery and equipment...........+- 
Office, computing, and accounting machines........ 
Other machinery, except electrical.......cecsseces 


Electrical To) 


Electric transmission and distribution equipment.. 
Electrical industrial apperatus.........cccccccees 
Radio and TV receiving OQUIPMONT.. 2. cc eccccccccecs 
Communication equipment... ...cccccccccccccccesces 
Electronic PPYTTITITITIIITITITITITTTrtttT 
Other electrical equipment and supplies........... 


Transportation CQUIPMONT. 0. cece cccccecccecceeees 


Motor vehicles and equipment........cccccccccscecs 
Other transportation equipment........escccseccces 
Aircraft OFd PArtS.....ccccccccccccccccccccesseeese 
Guided missiles and spacecraft.......scecccccscess 


Professional and scientific instruments..........«. 
Scientific and mechanical measuring instruments... 
Optical, surgical, photographic, and other 

PTT TTT TTT TTT TTTTTTTTT 

Other product fields, MNeOcSccccceseseeseseeeseeeseseseses 


n.e.c. Wot elsewhere classified. 


Funds for industrial applied R&D performance 
1987 


SIC Code 


28, except 283 
281,286 


AD 
“ 
¥ 
¥3 USE 


341-47, 


ws SE 


6,480 


(D) Date have been withheld to avoid disclosing operations of individual companies. 


WOTE: This table contains only date reported by 


SOURCE: National Science Foundation, SRS 


70 


survey respondents. Imputc:ion of RED expenditures by product 
field was eliminated beginning in 1985. Product field data were not collected in the 1988 survey. 


(Dollars in millions) 


Federal 


Table 6-31. Full-time-equivalent number of R&D scientists and engineers by industry and size of company in selected years 


{In thousands) 
Industry and size of company SIC code 1980 1982 1984 1985 1986 1987 1988 1989 
Dates GhemPeAcccccccccccecoccsceccooss cocceccceceeces 450.6 509.8 584.1 622.5 671.0 697.3 708.6 724.9 
Total (Annual Average).......-.---++-+- > eeccosocooscese 469.2 525.4 603.3 646.8 684.2 703.0 716.8 N/A 
Distribution by industry 
Food, kindred, and tobacco products(1)........ 20,21 7.2 7.4 7.4 (Ss) (Ss) (Ss) (Ss) (Ss) 
Textiles and apparel... .....cececceccccccccees 22,23 (2) 1.9 2.3 2.8 2.6 2.5 2.4 (s) 
Lumber, wood products, and furniture.......... 24,25 1.7 (2) (2) (Ss) (Ss) (Ss) 1.3 ($s) 
Paper and allied products..........cseeeeeeees 26 7.4 8.4 6.6 6.6 6.4 5.8 6.1 ($s) 
Chemicals and allied products.........-..++++. 2 851.4 61.6 69.8 71.1 75.8 73.0 73.8 77.4 
Industrial chemicals.......... ccccccccccoccs 281-82,286 20.9 25.9 25.6 23.5 24.9 24.4 (Ss) ($s) 
Drugs and medicines.......... scccoccceccoces 285 21.6 3=5.6 (2) 30.6 31.8 29.1 33.0 33.9 
Other chemicals.........-ccecccecceeces eccece 284-85 , 287-89 8.9 10.1 13.4 16.7 19.1 19.5 20.3 (Ss) 
Petroleum refining and extraction........ eccce 13,29 10.8 15.6 13.3 13.5 10.4 8.6 9.5 10.0 
Rubber Products... . cc ccccccccccccccccccccsees 30 «1) 8.1 (2) 4 ) «s) ( ) ( ) «(s) 
Stone, clay, and glass products............+.. 32 5.4 5.1 5.6 6.6 7.5 8.6 8.6 8.3 
Primary n9900000000000000000800008 ere eee 33 8.1 8.4 8.4 7.1 5.7 6.0 5.6 5.6 
Ferrous metals and PPOGUCTS.. 0 cn ceccceccsses 331-32,3398-99 4.7 5.2 5.3 4.2 2.5 2.6 2.3 ($s) 
Nonferrous metals and products....... cccccece 333-36 3.4 3.2 3.1 2.9 3.2 3.4 3.3 3.4 
Fabricated metal PFOGUCTS 0. ccccccceecceccces 3% 7.8 8.2 16.6 «s) «s) (Ss) 10.5 ($) 
MOCK IMOTY. «6c cccccccccccccccccsccccecceceeees 35 62.1 76.0 87.0 61.7 89.7 96.4 98.4 9.7 
Office, computing, and accounting machines. . 357 0s «41.8 48.1 56.5 61.8 71.9 73.8 %.4 8 8§676.4 
Other machinery, except electrical.......... 351-56,358-59 20.3 27.9 30.5 19.9 17.8 22.6 24.0 23.3 
Electrical Cee nnn 36 %.5 109.8 113.2 113.2 117.9 128.3 132.5 139.9 
Radio and TV receiving equipment............ 365 4.0 7.8 (2) (Ss) 1.8 1.4 1.3 1.3 
Communication equipment........seseeeeeees ee 606 «C42 SD DLS 62.2 65.0 73.3 73.1 7.5 
Electronic COMPONENTS... ....-cceeeeccccceces 367) 18.1 hh (2) 29.2 (Ss) 40.2 44.3 (S$) 
Other electrical equipment..........eeeseees 361-64,369 30.0 31.7 18.4 17.9 16.5 13.5 ($s) (S$) 
Transportation equipment... ....ccecccecccccees 37) 125.6 = 122.3 (2) 160.3 179.2 1&%.8 188.2 192.8 
Motor vehicles and motor vehicles equipment. 371 38.2 30.0 28.6 28.7 33.9 50.2 47.5 4.9 
Other transportation equipment............+. 373-75,379 1.5 1.2 (2) (S$) (Ss) ($s) (S$) ($s) 
Aircraft and missiles........ccccccccccccees 372,376 85.9 91.1 191.5 130.2 144.8 130.1 136.4 142.1 
Professional and scientific instruments....... 380 32.8 3842.7 (2) (Ss) (Ss) ($s) ($s) ($s) 
Scientific and mechanical measuring 
PBTPUMONTE. . cc ccc cccccccccccccccceccccees 381-82 (2) (2) (2) «s) ($s) ($s) ($s) ($s) 
Optical, surgical, photographic, and other 
PMBTPUMONTS. . oc cc cccccccccccccccccccceceees 383-87 16.3 16.1 q@) 19.8 24.0 26.2 24.9 ($) 
Other manufacturing industries.......-....s++. 27,31,39 4.6 5.5 @) (Ss) (Ss) ($s) 6.4 ($s) 


Normenufacturing industries........s<eeeeeee+- 08,10-12,14-17, 
40-67,72-73, 199.6 27.1 49.8 66.8 75.1 88.6 101.9 ($s) 
806-07, 891 
Distribution by size of company 
(Based a rumbyr of employees) 


LOSS thar 500... ..cccccccccccccccececccccececcescsesccssceeeees§ See 60.7 81.9 78.3 (Ss) 105.9 109.0 (S$) 
SOO CO GOD. .ccccccccccccccccccccccccccccccesecccsecesesceeeeees 16.5 (S$) 21.6 19.3 18.0 
1,000 00 4, 99D... cccccccccccnccccccccccnccccccceseceseseccceses 34.8 62.8 52.6 61.6 66.7 73.7 81.9 80.3 
5,000 0 9, 99D... cccccccccccccscecccceeccsesccsssecceseseesees 29.6 36.6 30.1 268.5 38.9 39.5 40.2 47.5 
10,000 0 26, 99D... ccccccccccccccccccccccccccseccceseccsesccess 66.6 77.0 8.0 89.9 88.4 83.2 %.5 86.1 
25,000 OF MOP... ccccccccccscccccccecccccccccccesccsccccccecess§ 287.6 312.7 335.5 347.6 365.3 373.4 365.2 380.1 


(S$) Date heve been withheld due to imputation of 50 percent or more. 
(1) Until 1984, tobecco products, SIC 21, was included with “other manufecturing industries.” 
(2) Wot seperately available but included in total. 


N/A Wot eveileble 


SOURCE: Waetional Science Foundation, SRS 71 


Table 8-32. R&D scientists and engineers per 1,000 employees in RED performing manufacturing 
companies by industry and size of company in selected years 


Industry and size of company SIC code 1978 1980 1982 1983 1984 1985 1986 1987 1988 
Distribution by industry 


Total..... poveccoooceooooooooooossosoess coccooocooooss 27 27 33 3 40 43 45 45 47 
Food, kindred,and tobacco products(1)......... 20,21 7 5 6 6 7 8 7 7 7 
Textiles and apparel. ......ccecccccccccccccces 22,23 3 3 “ . 5 5 « . . 
Lumber, wood products, and furniture......... ° 24,25 7 6 (Ss) (Ss) 6 6 5 5 5 
Paper and allied products... ......ccececcccees 26 14 14 14 12 13 13 11 11 1 
Chemicals and allied products..........ccueess 28 } 42 51 54 57 57 70 68 72 
Industrial chemicals... ....<.csccccccccceces 281-82, 286 38 3% 46 45 41 39 56 52 54 
Drugs and medicines... .....-ccccccccccccess 283 65 60 7% (Ss) 8&9 81 98 96 108 
Other chemicals. ......cccccccccccccccccceces 284 -85 , 287-89 27 30 37 39 51 62 63 61 61 
Petroleum refining and extraction............. 13,29 19 17 22 22 22 21 19 20 26 
Rubber PROGUCES. ccc ccc cece eeecceeeeeeeeeees 30 18 «s) «s) «s) 27 26 3 19 17 
Stone, clay, end glass PEETEinccsceoossocses 32 13 13 15 16 17 20 20 26 27 
Primary MOTOLS. 2c ccccccccccccccccceceee sree 33 8 7 10 11 12 12 11 2 3 
Ferrous metals and products............«.«.. 331-32,3398-9 6 6 8 1 11 11 7 y 9 
Nonferrous metals and products............+.. 333-36 12 12 13 13 16 16 17 16 18 
Fabricated metal products... .......ceccccccces Be 12 14 (s) ($s) (s) (Ss) ($s) 17 18 
MACHINOTY. «cc ccccccccccccccccecececeeeceeeees 35 39 3% 48 57 (4 67 68 
Office, computing, end eccounting machines. . 357 79 72 80 88 90 w” 107 115 1%6 
Other machinery, except electrical.......... 351-56,358-59 19 18 26 30 32 2 26 2 30 
Electrical CQUIPMONE... nn enc ccccccccecccccceces % 41 ee 55 51 “9 53 59 65 69 
Radio end TV receiving equipment............ 365 22 35 (s) ($s) (s) 3 55 45 “9 
Communi cet ion OQUIPMONE . 2 ncn ec ccccccceeeceee 366 48 55 61 56 62 68 73 76 
Electronic COMPONENTS. ccc ccccccecccceeeeeee 367 51 55 66 «s) «s) 81 82 86 98 
Other electrical equipment........cccccccess 361-64, 369 32 32 (s) ($s) 30 30 26 28 29 
Transportation equipment... ....scccccccccccces 37 (s) 71 69 68 % 
Motor vehicles and motor vehicles equipment. 371 26 30 31 30 27 28 38 42 43 
Other transportation equipment............+- 373-75,379 13 - 12 ($) (s) 8 3 38 9 
Aircreft ord missiles... ...ccccccccccccccces 372,376 96 92 Su 102 110 116 » 91 101 
Professional and scientific instruments....... 38 Cy, 39 (s) ($s) (s) ($s) ($s) 71 71 

Scientific and mechanical measuring 
PBTPUMONES. . occ ccccccccccccccccccceceeees 381-82 50 «s) «s) ($s) ($s) ($s) «s) 8s 90 

Optical, surgical, photographic, end other 

PPBTPUMONES. . cc cc cccccccccccccccccccceceees 383-87 44 48 «s) ($s) «s) 70 61 63 60 
Other manuf ectur ing frdustriee. ...cccccccccccs 27,31,39 G 7 9 «s) «s) «($) ($s) 18 18 

Distribution by size of company 

(Based on rumber of employees) 
less Ce Bo ccccccoeeeoeeeeeeeeeeeoooeeeeeeeoooooooeeeoooees 3 3s 30 % 42 50 59 59 56 
500 to 6000000000000 00000000S0SSOOSSSS000000000SCCELECCES 21 21 3 27 29 
1,000 to ODP e ccccccccccccccccccccccccccccccccccccccccccccece 18 19 22 23 24 26 32 30 32 
5,000 to DFP ccccccccccccccccccccccccccccccccccoccccccccccece 17 19 23 22 19 19 28 29 32 
10,000 to Be TP cccccccccccccccccccccccccccccccccccccccccccece 20 20 26 26 29 30 33 32 35 


& 
& 
5 
S 
& 


57 


Notes: The mumber of RED scientists and engineers for 1968 is derived by dividing the arithmetic mean of scientists end engineers 
employed in January 1988 and in January 1989 by the number of employees in all activities in March 1988. 


Normianufecturing industries ere included in the 1978-83 calculations. 


(S$) Date heve been withheld due to imputation of 50 percent or more. 
(1) Until 1984, tobecco products, SIC 21, was included with “other manufacturing industries.” 


SOURCE: Wational Science Foundation, SRS 
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Table 8-33.-- 
of funds 


(dollars in thousands) 


RED expenditures at universities and colleges source 
, Charecter of k, and science/engineering field: 
fiscal years 1981-88 


Source, character, and field 1981 1982 1983 1984 1985 1986 1987 1988 
en 6,829,417) 7,306,361) 7,864,458) 8,594,463| 9,663,298) 10,903,534/ 12,079,814) 13,422, 137 
Source of funds 
\ Government ........... 4,560, 4,758, 4,979,611| 5,416,677) 6, 6,701, 7,328, 164, 
State and local governincnts abe Bi 5 i eae, 98 ae a ae ee 
Institutional funds .......... : 1,105! 1,296, 1,405: 1,608,744) 1,858;479| 2,114; 2,314,076 
frpeieakional fade 222200022 S| 1 3308] 1 geee6S2| 1. 05-300] 1.8 Zee) 1 SR eR 2h )63) 2.836. 08e 
Character of work: 
Basic research .........sss0- 4,577,647| 4,863,909) 5,288,233) 5,708,658) 6,539,308) 7,476,451) 8,342,584) 8,869,750 
Applied research end 
GevelOpment ......ecccceees 2,251,770) 2,442,452) 2,576,225) 2,885,805) 3,123,990) 3,427,083) 3,737,2350| 4,552,387 
Field: 
Engineering, totel ........... 967,964) 1,033,515) 1,123,964) 1,219,312] 1,413,566) 1,636,088) 1,884,708) 2,083,745 
Aeronautical and 
cna St trenton secceccece 100, 117, 13, 
SE eocccceocoooeceses 1 ’ ’ 
Civil TELE LECLECLELELETe ’ ‘ ’ 
Electrical ......-.....s2ee ' ; ° 
Mechanical ...... ceccccoess ’ ¢ P 
Other, M.O.C. ccccccccccces ° ’ ’ 
All sciences, totel .......... 9,267 ,446/ 10, 195, 106} 11,338,392 
Poveteet SCIONCES ...neeuns ‘ea Ba Be 
Stry ..cccccccceee . ; , 
SUS eocccescce ; $83" ; 
Environmental sciences : , , Ay: 
sy) ' aif Bi 
er ene ' Uehe| Sete 
Mathematical sciences ..... 151,712 178,973 198,730 
Computer sciences ..... cece 320,916; 372,317) 409,680 
Lif jiences eee eee eee eeee ’ ’ 4 ’ 7, ’ 
Biological sciences ... 780, 112s +226. 
cal TONCES ..cccce ’ ‘ ’ ’ ‘ ‘ 
Other, MOC e cececccees ’ ’ 1 ’ 
PSYCHOLOGY ..cccccccccccecs 170,482 188,374 214,065 
Social sciences ........... $ ° ' xi%. 
fotitieat aclence’ ©2222: a fa! ae 
her, Nee. see 161) 175, 191; 
Other sciences, m.e.c. .... 225 ,842 270, 748 307 ,637 


Source: 


National Science Foundation, SRS 


Table 8 + pt -- Federally financed RED expenditures at universities and 
lleges by character of ers and gcience/engineer ing field: 
fiscal years 1 


(dollers in thousands) 


Cherecter and field 1981 19862 1983 1984 1985 1986 1987 1988 
eee 4,560,568] 4,758,632] 4,979,611) 5,416,677) 6,055,820) 6,701,503) 7,328,388) 8, 164,801 
Character of work: 

eeeeeeeeeeeeeee ’ ’ ’ Se ’ ’ ’ ’ ’ ’ 4, 3 ’ 5, ,428 ’ 1, 
Applied reser part 3,268,606) 3,391,823} 3,537,850) 3,816,364) 4,341,371 835 , 782 372 5 ,661 ,442 
GevelOpment ....-cccccccees 1,311,962] 1,366,809) 1,441,761) 1,600,313) 1,714,449] °,835,721| 1,955,960) 2,503,359 
Field: 
Engineering, totel ........... 662,334) 697,476 739,475 779,937| 865,577| 975,413) 1,108,069) 1,224,617 
Aeronautical and 
on agtronaut feOl .eececeees 41,649] 47, 4 173 3 
COL cccccccccccccccecs 47, w d . . 
Dh eeescceceooooeooooees 1, . » 38 102, 
Electrical .......ccccceeee 156: # : *6 
Mechanical .....scccccecces . 4 " $6 " 
Other, M.€.C. wcccccccecees : 269, - 392, 815 
All sciences, total .......... 3,898,234) 4,061,156] 4,260,136) 4,636,740) 5,190, 5,726,090) 6,220,319) 6,940,184 
ical sciences ......... *, 61 ' 45 ’ 1, 041, 19] 1,146,661 
Yas trenomy edict 19: ’ 49: 916 ait ri ; £00 
_enresry cocccccccccoce Sos: e e ’ ’ ’ ‘ oe es s ‘ 
om NT gpeseseneeen ’ Ait ’ bs 
jironment i ecce » . . 9 
cov sceompnatlcte eet 22 TH] “Fe. Set) 6B fe] He 
—— secceeces “ } " } " } “ “ aie 172, | 
GeRenOTSEMY oneseceeee| WZ ; ie ’ 
Mathematical sciences ..... 67,651 71,800 76,454 92,278 boy 132,224 a 
Computer sciences ......... 93,330; 106,913 127,661 162,670 aa 232,227; 256,979 
Life sciences ......sesees. 2,365,421) 2,503, 2,586, 3 2,828, 3,185, 3,490, 3, 7.97 4,311, 4 
nae: os jences . : 7 ig ; ; ; if ; e932. | 
i vesecee] 1,186, 1269, 228, ni, Riek 1740, 966,111 
se igre senso oe) 9. 2ugsbes] 0.258.768) 4825-705) 40808: e) Fcteacate| Vgees 33) gg 
Psychology ......ssees. ecce 92,618 89,639 98,176 106,180} 114,050 124,413 pyr 
ne sciences wevvsveres] 76088) NE at mes 84 dd 
it cal science eeeeee ’ , ’ i] ’ ’ 1 283 o 
Sthes, iptettetene. ‘6 a - : a - 4 56; 6: 
Other sciences, n.@.c. .... 81,825 86,790 86,993 107,251 125,932 134 ,000 


Source: National Science Foundation, SRS 
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) 
| 
Table OS sci ienca/enginser ing field eng.squree of funcs and colleges 
(dollars in thousands) 
| Field and source 1981 1982 1983 1986 1985 1986 1987 1988 
) Total ....ccccccccccccccececceee 954,795| 965,488] 1,093,618] 1,175,906| 1,229,779] 1,499,116] 1,767,851] 1,966,902 
Engineering ..ccccccccesccess 105 , 768 147,285 137,188 147,055 184,025 me 796 380,302 366,529 
vr eeteealtartcas | OUR) HEE) BED] ARR) A) OR) UE ae) 
ical /computer 
Life stlences’sc.scsc0202: i fe ifs tS sf : ae 1,086,448 
re eee a8) 38) ¢ al Bae 
Federal sources, total ......... 161,063 ca 135,359 142,473 110,99 = ~ 196,429 208 ,566 
Engineering ...ccccccccsccess 19, 150 18,425 30,641 " on 49,445 ‘ae 
" Bere "288 ’ on 88s at ae }: ei ‘S.38 41,990 4 i 
ag peeyeneelee , 
Life selences sscss0ss022: te i if ‘ “e 5: 35, ie 
seen cess] f A: a] seit] 5:88 
Other sources, total .......6+. 793,752 958,259) 1,033,431} 1,118,820) 1,328,544) 1,551,422) 1,758,336 
Ergimeering ...cccccccceccess 86,618 my m~ 118, 763 116,414 167,82 277,260 330,857 319,791 
eras: 338) RRS) BAR) “Nee Fi) ge) 
ay. >-- preepeelaee 
mens | Se Ee) Ge Te | Ee 
Other sciences, n.@.c. ... . + 9 A e ° ° , 


1/ Includes expenditures for facilities and equipment for research, development, and instruction. 
Source: Wational Science Foundation, SRS 


Table 8-34. expenditures at universs aduinisrored federally 
funded wed X anc development cent ers by charecter 
end science/engineering field: fiscel years a a 
(dollars in thousands) 

Character and field 1981 1982 1983 1984 1985 1986 1987 1988 
Totel ...... secoeccooscorosess 2,485 ,853 |2,478, 72112, 736,652 /3, 150,380/3,523 ,092/3,894 ,806/4,206,084/4,530,562 
Cherecter of work: 

Basic research .......cececees 1,261,075} 1,317,312/1,472, 199] 1,675,206/1, 749,450) 1,858,692/2,011 932/2,222,097 
Applied research and 
Gevelopment ........+. seccee 1,226,778) 1, 161,409) 1,264,453/1,475,17611,773,66212,036, 1146/2, 19, 152/2,308,465 
Field: 
Engineering, totel .......«... 944 , 9521 1,097 ,446411,296,063/1,4465,252/1,547,061/ 1,647,378 
Aeronautical and 
troneutical eeeeeeeeee . ’ ’ ’ 1 ’ 126, 1 J 1 © 
Civ poll eeee ee ee ee eeeeeeee ’ ’ ’ ’ ’ 1% ’ ; ’ 
Remeamanocooocococecocoes ie: 1 te 3 $8 ng 
cal eeeeeeeceeeee tees ’ ’ ’ , , ’ ’ ’ 7 
Other, MOC. cccccencecees ,0 161, “ 189, . . . 
All sciences, total ....... «++ | 1,829,427/1,862,563/ 1,791, 700/2,052,936/2,227,069/2,449,554 12,659,023 /2,883, 184 
vevgsest sciences ccccccede 1, ’ 1 Ft 1,1 ‘ 1 oS 1, P 1, e 
BET cosecccscsccee| Ss . 50911, 159; 738 | 1,957,808] 1, 830/837 
’ n.e.c. eeereeeeeee ’ + 1 JY ’ 61, 
Grvirermante) estenses exes] 193, , . , . 
sciences s22c2:22:| 42, t 367] 37" 
Other, M.€.C. ....00c00e : - ; : 
Mathematical sciences ..... 38,561 121,793; 126,084 
a SCIENCES ....ecens ry 066; 177,106 oo ~ 427,297| 472,766) 549,444 
Life o¢ eeccccce . 105. 106, 110, 107, 115,46 13. 
Kori b. viturel eclences ’.: - ; 
ol og! cal R ences .... . P , . . 91,71 
cal sciences ....... “ ; ; ° 0, 12, 
Other, MOC. secccecces 10, ’ ’ 3, %, 7, 
Psychol ogy eect eee eee eeee 155 240 264 899 973 
i eeeeeeeeeee ] ’ 21, ’ 17, ’ ’ ’ 
eal ones «: eeeeereereeee a. 2}. 3° | 4, 4 1g * sf 
otitis science ...... - a ; - rs - - 
og BU peeeee Lies 16° 12, 11,169] 9,188| 10,308] 14,308] 20, 
Other sciences, n.e.c. «.... 43,942 25,242 4,433 18,433 12,779 8,524 9,602 


Source: 


National Science Fourdation, SRS 


